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INTRODUCTION 


An optimum supply of soil moisture is an important factor in the 
production of pecans (Carya illinoensis K. Koch; syn., C. pecan). 
Nevertheless, it is not uncommon for the moisture in orchard soils to 
vary from inadequate to excessive amounts during the same season. 
For example, in the early spring of 1942 the soil moisture in certain 
parts of the orchard of the United States Department of Agriculture 
Pecan Field Station at Brownwood, Tex., had decreased to the wilting 
point owing to lack of rain, w hereas in late spring, the soil in some 
parts of the orchard was saturated for as long as 5 weeks owing to 
excessive rainfall and inadequate drainage. 

Such extremes in soil moisture may be expected to interfere mate- 
rially with the normal functioning of vital processes of plants, thereby 
influencing their vigor and productivity. Heinicke and Childers (7)? 
and Schneider and Childers (11) demonstrated the deleterious effects 
of low soil moisture on photosynthesis and transpiration of apple 
leaves. Childers and White (3), Boynton (2), Childs (4), DeVilliers 
(5), and others showed harmful effects of low oxygen content in the 
soil, as a result either of poor aeration or of flooding, on the growth 
and metabolism of apple trees. The experiments herein reported 
were designed to determine the effects of various soil-moisture con- 
ditions on the fundamental processes of photosynthesis and tran- 
spiration of pecan foliage and to ascertain the degree of injury, if any, 
caused by unfavorable quantities of soil moisture and the rate of re- 
covery of the foliage from such injury. 


MATERIALS AND METHODS 


MATERIALS AND EXPERIMENTAL PROCEDURE 


The procedure described by Feinicke and Hoffman (8) was used 
to determine photosynthesis. The leaf cups, or assimilation chambers, 
were similar to those designed by Heinicke (6) as adapted for use 
with pecan leaves by Loustalot and Hamilton (10). Transpiration 
was measured by passing the air through a dehydrating agent before 

1 Received for publication December 22, 1943. 

2 Italic numbers in parentheses refer to Literature Cited, p. 532. 
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it reached the carbon dioxide absorption towers and determining the 
increase in weight due to the water absorbed thereafter. 

Two experiments were conducted during the season of 1942: experi- 
ment 1, with seedlings growing in coarse sand; and experiment 2, with 
seedlings growing in heavy soil. All plants were started in early 
spring from selected seed of the Burkett variety. On April 15 lots of 
six seedlings each were selected for uniformity of size and vigor and 
were transplanted to 5-gallon glazed crocks filled with coarse sand, 
one lot to each crock. The sand was prepared for use by washing it 
with a 1-percent solution of hydrochloric acid and thoroughly flushing 
it with tap water. Drainage was provided by a 1-inch hole near the 
bottom of the crock. Hoagland and Arnon’s (9) nutrient solution 
diluted to one-fourth strength was supplied to the plants at regular 
intervals or as needed. The seedlings used in experiment 1 continued 
to grow in the coarse sand, which had a wilting coefficient of 1 percent 
and a field capacity of approximately 6 percent. For experiment 2 
a brown silty loam of the Catalpa series, having a wilting coefficient 
of 12.2 percent and a field capacity of approximately 34 percent, was 
used instead of the sand. On July 28 the seedlings were transplanted 
from the crocks of sand to crocks of this soil, where they were allowed 
to grow for 29 days before the experiment was started. 

General procedures for the two experiments were similar. In each, 
three crocks of representative plants were placed on a bench outside 
the laboratory. The plants in one crock were designated as the check 
plants, those in a second crock as the flood plants, and those in a third 
crock as the drought plants. In each experiment, one mature leaf on 
each of two plants in each crock was selected for similarity in position 
and exposure. Usually two determinations of photosynthesis and 
transpiration were made daily, one in the morning and one in the after- 
noon. The morning determinations began at 8 a. m. and ended at 
11 a. m.; the afternoon determinations began at 12 m. and ended 
at 3 p. m. 

For periods ranging from 4 to 13 days before the treatments, the 
rates of photosynthesis and transpiration were determined, the soil 
moisture in all pots being maintained at approximately field capacity 
so as to establish the ratio, or normal relation, of the rates of the test 
plants to those of the check plants. 

In the crocks containing the drought plants the sand or soil was 
allowed to dry out during a given period, whereas in those containing 
the check plants the moisture was maintained at or near field capacity. 
Determinations of carbon dioxide and of transpiration were con- 
tinued during the drought periods until a critical point was reached; 
then the sand or soil was watered to field capacity, and determinations 
of photosynthesis and transpiration were continued for several days 
in order to observe the rate of recovery of the two processes from the 
effects of the drought. Samples of sand or soil for moisture analysis 
were taken at frequent intervals (daily during the critical periods), 
in order to determine the rate of drying of the soils. 

After the calibration, or pretreatment, period the drainage hole in 
the crocks containing the plants to be flooded was plugged and dilute 
nutrient solution was added until the level of the solution was 1 to 1% 
inches above the surface of the sand or soil. The moisture that evap- 
orated was replaced alternately with tap water and with dilute 
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nutrient solution, so that the level of the solution above that of the 
sand or soil was maintained. Determinations of photosynthesis and 
transpiration were continued on leaves of the flooded plants until 
definite trends in the rates, due to flooding, were evident or until a 
critical point was reached, after which the excess moisture was 
drained off. After the draining, further determinations were made 
in order to observe the rate of recovery, if any, from the effects of 
flooding. 

At the time the flooded plants in experiment 1 were drained (August 
23), one-half of the seedlings in each of the three treatments, check, 
drought, and flooded, were harvested for ash and total organic nitrogen 
analysis. The remaining plants were harvested on September 18. 
At each date of harvest entire plants were removed from the pots, 
the leaves were detached from the stems, and all tissues were placed 
in a drying oven at 105° C. for 24 hours; after this they were ground 
in a food mill and stored in aluminum cans until analyses were made. 
No analyses of plants were made in experiment 2. The official methods 
of analysis (/) for ash and for total organic nitrogen were used. 

The percentages of soil moisture were determined from the loss in 
weight of soil dried for 24 hours at 105° C. The wilting coefficients 
were determined as the percentage of moisture remaining in the soils 
at the time of. permanent wilting of sunflower plants growing in the 
soils. The soil samples were obtained by driving a metal tube 
one-half inch in diameter to the bottom of the pot, in the area occupied 
by the four seedlings not included in the test. Since six seedlings 
with well-developed root systems (see fig. 3, A-C) were growing in 
each pot, the soil was thoroughly permeated with roots. The sample 
of soil taken probably was as representative of the entire soil mass as 
could be obtained under the conditions without undue injury to the 
roots of the plants being studied. 


METHOD OF CALCULATING RESULTS 


Apparent photosynthesis was calculated as the average amount, in 
milligrams, of carbon dioxide assimilated per hour by 100 cm.’ of 
dorsal leaf surface; and transpiration as the average amount, in grams, 
of water lost per hour by 100 cm.? of dorsal leaf surface. 

The normal, or expected, rate of apparent photosynthesis was cal- 
culated as follows: The average number of milligrams of carbon dioxide 
absorbed per hour by 100 cm.’ of the proposed test leaves was divided 
by the average number of milligrams absorbed per hour by 100 cm.” 
of the check leaves. The quotient was multiplied by 100 to obtain 
the percentage relation between the rate in the proposed test leaves 
and that in the check leaves. This percentage relation was considered 
as the rate which the proposed test leaves would be expected to main- 
tain if they were not affected by the treatment, or 100 percent of the 
rate. Thereafter the percentage deviation from the expected rate in 
test leaves was calculated by multiplying the number of milligrams 
of carbon dioxide absorbed by the check leaves by the average per- 
centage relation established between the check and test leaves before 
the treatment was begun. From this value, which represents the 
theoretical normal rate of the test leaves, the actual number of milli- 
grams of carbon dioxide assimilated by the test leaves was subtracted, 
and the difference was then divided by the expected rate and multi- 
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plied by 100 to obtain the percentage deviation from the expected, 
or normal, rate. 


Calculations of transpiration rates were similar to those for photo- 
synthesis. 


RESULTS 
SEEDLINGS GROWING IN SAND 
EFrrects oF DrovuGHuT 


The data in figure 1 show that the rates of photosynthesis of pecan 
seedlings growing in sand fluctuated somewhat around the average 
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Figure 1.—Effect of drought on photosynthesis and transpiration of leaves of 
pecan seedlings growing in sand: A, Moisture percentages in sand; B and C, 
photosynthesis and transpiration (afternoon and morning determinations, 
respectively) expressed as percentage of expected rate. 
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rate during the 4-day calibration period (July 15 to 18). By the 
morning of July 22, the soil moisture was only 1.5 percent above the 
wilting point and the rate of transpiration was two-thirds of normal 
but photosynthesis was not appreciably affected. During the after- 
noon the rate of transpiration dropped sharply and photosynthesis 
was only two-thirds of normal. In general, the rates continued to 
drop until July 24, when the plants were watered again. 

The young leaves of the test plants wilted during the afternoon of 
July 22, but by the next morning they had recovered their turgidity ; 
however, they were severely wilted in the afternoon. On the morning 
of July 24 the leaves had only partially recovered, and at 1:15 p. m. 
one of them showed a brown necrotic wedge along the edge of the 
leaf cup. The apparatus was immediately stopped, the test plants 
were watered, and a new determination was started. However, 
before the second determination was under way one of the test leaves 
had become brown all over, as though it had been burned by fire, and 
it was necessary to substitute for it an adjacent leaf on the same plant. 
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The color change in the leaf took place in less than 10 minutes after 
the first browning was noted. The young leaves and the tips and 
margins of some of the older leaves showed the brown necrotic areas, 
but none of them was completely killed. The atmospheric conditions 
during the afternoon of this day were favorable for high rates of 
evaporation, since the humidity was low, the temperature high, and 
the sunshine bright. 

During the period immediately after the watering, photosynthesis 
did not increase but transpiration increased somewhat. Within the 
next 6 days transpiration gradually regained its original rate, but 
10 days after the plants were watered photosynthesis was only about 
two-thirds of normal. 

Beginning August 8, the sand in the test plot was again allowed to 
dry out. Since one new test leaf was used, the expected rates of 
transpiration and photosynthesis were recalculated from data ob- 
tained with this leaf. The first effects of the decrease in moisture 
were observed on the afternoon of August 13, when the sand moisture 
was 1.8 percent (0.8 above the wilting point) and photosynthesis and 
transpiration rates were reduced by about one-third. The young 
leaves had wilted, but by the next morning they were again turgid. 
Photosynthesis and transpiration determinations for the mornirg of 
August 14 were less than one-half of the expected rates, and in the 
afternoon both processes were further reduced to about one-fourth of 
normal. The young leaves were severely wilted during the afternoon, 
but the test leaves, which were mature, showed no signs of wilting. 

Photosynthesis and transpiration showed further reduction on the 
morning of August 15, when the sand moisture was 9.4 below the 
wilting point and the young leaves of the test plant had not regained 
turgidity overnight. The plants were watered at 1 p. m., and de- 
terminations for the period following showed that carbon dioxide 
assimilation had almost ceased and that the transpiration rate was 
only one-fifth of normal. By the following morning photosynthesis 
had markedly increased. During the next several days both processes 
tended to attain normalcy, but the photosynthetic activity during the 
afternoon period remained at about 80 percent of the expected rate 
until September 4 and 5, when it almost attained its original relation 
to the controls. 


EFFECTS OF FLOODING 


The data on the effects of flooding the roots of pecan seedlings 
growing in sand are presented in figure 2. 

At 3 p. m. on July 19, after a calibration period of 5 days, excess 
water was added to the pot containing the test plants. The first 
apparent effect of the flooding became evident on July 23 when tran- 
spiration increased. On July 24 the transpiration rate continued 
above normal, while photosynthetic activity was about one-third 
below the rate expected. During the next few days photosynthesis 
was further reduced to approximately one-half of normal and more 
or less maintained that level until August 11, after which it gradually 
declined until August 24, 1 day after the excess water was removed, 
when the rate of carbon dioxide assimilation was reduced to approxi- 
mately 37 percent and 18 percent of normal in the morning and 
afternoon, respectively. 
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The transpiration rate, which on July 23 and 24 was above normal, 
decreased rapidly during July 25 and 26. However, by July 27 
transpiration had increased sharply and for the afternoon periods the 
rate was about normal and remained at that level until August 3; 
for the morning periods the rate was about 6 percent below normal 
and fluctuated around that level until July 31, then decreased rapidly 
until August 3. No determinations were made from August 3 to 8, 
but from the latter date to August 24 transpiration showed approxi- 
mately the same degree of reduction as photosynthesis; the rates of 
both processes were about the same for the morning periods, but for 
the afternoon periods those of photosynthesis were much lower. 
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Figure 2,—Effect of flooding the roots on photosynthesis and transpiration of 

leaves of pecan seedlings growing in sand, expressed as percentage of expected 
rate: A, Afternoon determinations; B, morning determinations, 


At 4 p.m. on August 23, the sand in the pot of flooded plants was 
drained and one-half of the plants of each of the three treatments 
were harvested for analysis. The fibrous roots of the flooded plants 
were black and dead, and many of the larger roots had died back as 
much as one-third to three-fourths of their length. Roots on the 
check and drought plants were all alive, and the color was normal. 
Figure 3, A—C, shows the root system of a representative plant from 
each treatment. 

On August 24, the day following drainage of the flooded sand, there 
was no evidence that either photosynthesis or transpiration had 
begun to recover from the effects of the excess soil water, but on 
August 25 a slight recovery was indicated in both processes. Deter- 
minations on August 29, 6 days after the excess water had been drained 
off, showed a marked recovery in both processes, and by August 31 
and September 4 and 5 both processes had attained average rates 
not far below those established before the plants were flooded. 

About 2 weeks after the plants were flooded it was noted that the 
lenticels on the submerged portions of the stems had begun to enlarge 
and appeared white and spongy. At the time the excess water was 
drained off and the first plants were harvested for analysis, the len- 
ticels had made considerable development. Figure 3, D-—F, shows 
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FicurE 3.—A-C, Root systems of representative pecan seedlings grown in sand: 
A, Check plant; B, flooded plant; C, drought plant. Note sparse root system 
on drought plant. Most of the fibrous roots on the flooded plants are blackened 
and dead, and the taproot and many laterals are partly dead. D-—F, Stems of 
representative pecan seedlings grown in sand: D, Check plant; E, flooded 
plant; F, drought plant. Note lenticular proliferation on stem of flooded plant. 
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the lenticels on a typical flooded plant compared with those on typical 
check and drought plants. 

The leaves of flooded plants began to lose some of their green color 
about 3 weeks after they were flooded and soon became mottled in 
appearance. The mottling, which resembled symptoms characteristic 
of certain mineral deficiencies, became more pronounced during the 
period when the excess moisture was maintained, but within a week 
after the soil was drained the mottling began to disappear. 


EFFECTS OF FLOOD AND DROUGHT CONDITIONS ON COMPOSITION OF PECAN 
SEEDLINGS 


The data from the analysis of the plants harvested on August 23, 
at the time the flooded plants were drained (table 1), showed a marked 
difference in the percentages of nitrogen in the tissues of check and 
flooded plants (dry-weight basis). The percentage of nitrogen was 
0.45 higher in check plants (stems and roots) and 0.69 higher in the 
leaves than in similar tissues of plants grown for 35 days in flooded 
sand. The tissues of plants subjected to drought conditions contained 
slightly lower percentages of nitrogen than those of the check plants. 
Analysis of the plants harvested September 18 (26 days after the excess 
water was drained from the sand) showed an increase of 0.1 in per- 
centage of organic nitrogen in the leaves of both check and drought 
plants and of 0.38 in the leaves of flooded plants, but the leaves of the 
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check plants still contained a higher percentage of nitrogen than 
leaves of the flooded plants. The roots and stems of the check and 
drought plants showed no appreciable change in the percentages of 
nitrogen as compared with plants of similar treatments harvested 
August 23, but the roots and stems of the flooded plants showed 
a gain of 0. '22 i in nitrogen percentage. 


TABLE 1.—Organic nitrogen and ash in pecan seedlings grown in sand under different 
moisture conditions 
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1 35 days after lot 3 was flooded and 8 days after second drought was terminated in lot 2. 
: 226 days after excess water was drained from lot 3 and 34 days after second drought was terminated in 
lot 2. 


Analysis of plants harvested August 23 showed lower percentages 
of ash in all tissues of the flooded plants than in those of the check 
and drought plants. However, in the plants harvested September 18 
the percentage of ash in the roots and stems of flooded plants had 
increased so that it was about the same as that in similar tissues of 
the check and drought plants. The leaves of the flooded plants also 
showed a marked gain in the percentage of ash from August 23 to 
September 18, but they were still 1.69 below the check leaves in per- 
centage of ash. 

SEEDLINGS GROWING IN SOIL 


EFrects oF DrouGHtT 


The data on the effects of drought on pecan seedlings growing in soil 
are presented in figure 4. 

During the calibration period (August 26 to September 7) all 
seedlings received ample moisture, but the test plants were not watered 
from September 7 to 23. During this time the soil moisture in the 
test pot piacaaiir dried out until it was slightly below the wilting 
point. 

The first effects of the drying were apparent on the afternoon of 
September 16, when the soil moisture dropped to 18 percent. At 
the same time there were small decreases in both photosynthesis 
and transpiration, and these continued to decrease at about the same 
rate during the afternoons of September 17 and 18. 

The data for the morning determinations show no consistent devia- 
tions until September 21, when the transpiration rate dropped to 
one-half of normal. Photosynthesis was slightly depressed during the 
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Figure 4.—Effect of drought on photosynthesis and transpiration of leaves of 
pecan seedlings growing in soil: A, Moisture percentages in soil; B and C, 
photosynthesis and transpiration (afternoon and morning determinations, 
respectively) expressed as percentage of expected rate. 


morning of that day, but by afternoon it was reduced to one-fifth 
of the expected rate, while the transpiration rate was about the same 
as that of the morning period. The next morning the soil moisture 
had reached the wilting point and both processes were depressed 
somewhat further than on the previous morning; in the afternoon 
photosynthesis was further reduced to one-tenth and transpiration to 
one-fourth of the expected rates. During the morning of September 
23 the soil moisture was below the wilting point and the rate of 
carbon dioxide assimilation was reduced to one-half of normal while 
transpiration was about one-third of the expected rate. By afternoon 
photosynthesis had ceased and there was more carbon dioxide in the 
air after it passed over the test leaves than before, indicating that the 
respiration rate was proportionately greater than that of assimilation. 
The leaves, which were mature, showed no signs of wilting; similar 
leaves of plants subjected to drought in sand did not wilt either. 

The test plants were watered at 5 p. m., and on the morning of the 
following day (September 24) a marked recovery was noted in both 
photosynthetic activity (89 percent of normal) and in the transpira- 
tion rate (67 percent of normal); in the afternoon carbon dioxide 
assimilation had recovered to 92 percent and transpiration to 79 
percent of the expected rates. Within the next 5 days both processes 
had attained approximately normal rates. 
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EFFECTS OF FLOODING 


With a few notable exceptions, the effects of flooding on seedlings 
grown in soil (fig. 5) were similar to those on seedlings grown in sand. 

The pretreatment relation was established from August 26 to 
September 2, and the test plants were flooded at 8 a. m. on Septem- 
ber 3. The first apparent effects of flooding were evident on the 
morning of September 8, when the rate of carbon dioxide assimilation 
was reduced by 21 percent; but in the afternoon there was no appre- 
ciable effect on the process. Subsequent determinations for morning 
and afternoon showed a steady decline in the rate of photosynthesis 
until September 23, when the excess water was removed. The amount 
of depression was considerably more severe in the afternoons than in 
the mornings, and the process had ceased by the afternoon of Sep- 
tember 23. 
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Ficure 5.—Effect of flooding the roots on photosynthesis and transpiration of 
leaves of pecan seedlings growing in soil, expressed as percentage of expected 
rate: A, Afternoon determinations; B, morning determinations. 


Although transpiration was generally somewhat depressed, there 
was no consistent reduction until the morning of September 15, 12 days 
after the plants were flooded. From this time until the soil was 
drained on September 23, transpiration declined gradually until it 
was about one-half of normal. The data for the morning of Septem- 
ber 24, the day after drainage of the soil, show some recovery in both 
processes, and subsequent determinations show a gradual recovery 
to normal by October 7. 


DISCUSSION 


It is evident from the data presented that either deficient or exces- 
sive amounts of soil moisture resulted in subnormal rates of photo- 
synthesis and transpiration in the leaves of pecan seedlings. The 


degree of depression of the rates depended, among other things, upon 
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the severity and duration of the adverse soil-moisture conditions and 
the atmospheric conditions prevailing at the time. 

The direct cause of the depression of photosynthesis and transpi- 
ration in leaves of drought plants is undoubtedly a water deficit in the 
leaves. Although no stomatal observations were made, it is not 
unlikely that complete or partial closure of the stomata, which is 
usually correlated with loss of turgidity in the leaf cells, was a factor 
in the reduced photosynthesis rate under conditions of marked 
moisture deficiency in the leaves. There were no signs of wilting of 
the mature leaves, but there is little doubt that they suffered from a 
water deficit when the soil moisture was at or near the wilting point. 
The leaves usually overcame the water deficit to some extent during 
the nights, and because of the relatively cool temperature, high hu- 
midity, and reduced light conditions during the mornings, there were 
no appreciable effects on photosynthesis and transpiration until the 
moisture in the sand or soil approached the wilting point. On the 
other hand, both processes were reduced considerably in the after- 
noons before the moisture in the sand or soil had closely approached 
the wilting point. . 

It is natural to expect the depressions to be greater during the 
afternoons than during the mornings, because the vapor pressure 
gradients between the leaves and atmosphere are greater; such con- 
ditions probably would accentuate the effects of the drought in the 
afternoons, since it is unlikely that the root systems could absorb 
the small amounts of available water in the drought soils as fast as it 
could be removed by transpiration. During the morning periods, 
however, the leaf cells were probably more turgid and the temperature, 
light, and humidity conditions were less favorable for evaporation; 
as a result, transpiration and photosynthesis rates probably would 
be depressed less. In this connection it is interesting to note that for 
several days before the moisture in the heavy soil reached the wilting 
point the rates of photosynthesis and transpiration of the leaves were 
considerably depressed during the afternoon periods but were affected 
only slightly, if at all, during the mornings. For plants in sand this 
condition prevailed for only 1 day, and the difference in behavior was 
probably due largely to differences in the rates at which the moisture 
decreased in the two soil media. 

Taylor and Furr (1/2) emphasized the distinction between the first 
wilting percentage (the soil moisture at which wilting occurs but at 
which plants will recover if placed in a saturated atmosphere) and 
the ultimate wilting percentage (the soil moisture at which the leaves 
will not recover turgidity even when in a completely saturated 
atmosphere). It seems probable that the plants growing in soil 
were in this so-called wilting range when they showed recovery in 
the morning but serious curtailment of photosynthesis and transpira- 
tion during the afternoon. 

That the amount of injury caused by drought is largely dependent 
upon the prevailing weather conditions during the time that the 
soil moisture is at or near the wilting point, was indicated by the 
behavior of leaves during the three drought periods. In experiment 
1, during the first drought period, the moisture in the sand was 
allowed to go below the wilting point on 1 day only, but the leaves 
suffered severe damage in a short time during the afternoon of that 
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day because of rapid evaporation due to high temperature and low 
humidity. In less than half an hour many of the leaves were visibly 
injured as a result of desiccation. During the second drought period, 
however, the atmospheric conditions were much less favorable for 
evaporation and there was no apparent damage to the leaves. Like- 
wise, in experiment 2, with seedlings growing in heavy soil, the soil 
moisture was at or below the wilting point for 3 days during which 
the humidity was high, the weather was partly cloudy and relatively 
cool, and the leaves were not visibly injured. There was a marked 
depression in rates of carbon dioxide assimilation and transpiration 
in leaves of plants growing in both sand and heavy soil during the 
drought period, but in all cases there was also a marked recovery in 
the rates of both processes on the day after watering, which indicates 
that most of the leaf cells were not permanently injured by the 
water shortage. 

The data obtained in the drought studies, insofar as they are appli- 
cable to field conditions, give emphasis to the importance, in semiarid 
regions or in orchards where irrigation is practiced, of maintaining the 
soil moisture at a level appreciably above the wilting point, particu- 
larly during the hot, dry months, when drought may impair the normal 
functioning of the leaves or cause permanent damage to the foliage 
and nuts and ultimately injure the entire tree. Furthermore, many 
of the young fibrous roots are killed during a period of drought, and 
as a result subsequent mineral deficiencies may occur in the tree 
before new rootlets can be formed after the drought is terminated. 

The deleterious effects of flooding on photosynthesis and transpira- 
tion are undoubtedly due to depletion of the oxygen supply to the 
roots, causing abnormal root activity, such as a reduced rate of res- 
piration, subnormal absorption of minerals and water, and eventually 
severe damage to the root system. The facts that the dry-weight per- 
centages of organic nitrogen and ash in the tissues decreased during 
the period of flooding but increased rapidly after the sand was drained 
and that the mineral-deficiency symptoms which appeared in the 
leaves of flooded plants cleared up soon after the sand was drained 
indicate that flood conditions caused subnormal absorption of minerals 
by the plants. 


SUMMARY 


The effects of both excessive and inadequate amounts of soil mois- 
ture on photosynthesis and transpiration of pecan leaves were deter- 
mined on pecan seedlings growing in coarse sand and in heavy soil. 

In all instances, both soil-moisture extremes caused subnormal rates 
of photosynthesis and transpiration in the leaves, the degree of reduc- 
tion depending primarily upon the severity and duration of the adverse 
soil-moisture conditions and on the atmospheric conditions during the 
critical periods. 

Under drought conditions a marked reduction in the rates of both 
photosynthesis and transpiration occurred 1 or 2 days before the 
moisture in the sand or soil had reached the wilting point. Transpira- 
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tion and photosynthesis rates were usually depressed at about the 
same time, and as a rule the rates of both processes were depressed 
in the afternoon periods 1 or 2 days before any appreciable reduction 
was observed in the mornings, probably owing largely to wide differ- 
ences in atmospheric conditions that prevailed during the afternoon 
and morning periods. 

The amounts of reduction in the rates of photosynthesis and tran- 
spiration of leaves of pecan seedlings subjected to drought were closely 
correlated with the proximity of the soil moisture to the wilting 
point as well as with the atmospheric conditions during the critical 
periods of moisture shortage. Under conditions highly favorable for 
moisture evaporation, as in the afternoons, photosynthesis almost 
ceased when the soil moisture was at the wilting point or slightly below; 
but the reduction in transpiration was considerably less. Under con- 
ditions less favorable for evaporation, as in the mornings, the tran- 
spiration rates were reduced to a greater extent relative to the reduction 
in the rates of photosynthesis, although the actual reduction in tran- 
spiration was usually somewhat less than that under conditions highly 
favorable for evaporation. 

The rate of recovery in photosynthesis and transpiration activity 
from the effects of drought ,was usually very rapid during the first day 
or two after termination of {the{ drought, but several days more 
were required before the rates reached normal or their maximum. 

A substantial reduction in the rate of photosynthesis in leaves of 
pecan seedlings with submerged roots was observed 5 days after sub- 
mersion, but no consistent and definite depression of transpiration 
occurred until several days later. Photosynthesis was depressed to a 
greater degree in the afternoons than in the mornings, as was the case 
in plants under drought conditions. The photosynthesis rate of 
leaves of flooded plants in sand was reduced to a low of 11 percent of 
normal, while in leaves of flooded plants in soil it was reduced to cessa- 
tion, thus indicating that the supply of oxygen to the roots was reduced 
to a greater degree in the latter medium. 

The percentages of organic nitrogen and ash in tissues of seedlings 
subjected to flood conditions in sand for 35 days were considerably 
lower than in similar tissues of check plants. However, on the 26th 
day after the sand was drained the percentages of the constituents 
had increased considerably in relation to those for check plants but 
still remained lower, except that the percentages of ash in stems and 
roots were then about the same in the flooded and check plants. The 
percentages of organic nitrogen and ash were usually slightly lower in 
drought plants than in the check plants. 

The results of these experiments emphasize the importance of good 
internal and surface drainage in pecan soils, in addition to an adequate 
moisture supply and a high moisture-holding capacity, and suggest 
possible causes of crop failures in orchards or groves in which the 
soils are subjected to drought or flood or to alternations of the two 
conditions. 
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INTERACTION OF SEX, SHAPE, AND WEIGHT GENES 
IN WATERMELON! 


By Cuarzes F. Poo.s, cytologist, and Paut C. GRIMBALL, senior scientific aide, 
Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, 
United States Department of Agriculture 


INTRODUCTION 


Several workers on inheritance in watermelon (Citrullus vulgaris 
Schrad.) have independently reported relation between fruit shape 
and sex and between fruit shape and weight. The reported relation 
between shape and weight, if consistently true, will have some eco- 
nomic importance in view of the present demand for smaller high- 
quality watermelons. Weetman (1/3)? found that shape inheritance 
when represented quantitatively by an index computed by dividing 
equatorial by polar diameter may Ls classified qualitatively to show 
a phenotypic relation of one pair of alleles, round vs. elongate, with F, 
phenotype intermediate and F, segregating into 1 round to 2 inter- 
mediate to 1 elongate. The same author found a highly significant 
negative correlation of low magnitude between fruit shape and weight, 
suggesting that long fruits are heavier than round ones. Rosa (9) 
reported that the monoecious sex habit was completely dominant 
over the andromonoecious by one pair of alleles and that andromo- 
noecious plants produced fruits that were more nearly round. 

F, populations classified for weight frequently show positive 
skewness such as is found in geometric progressions. Many reported 
investigations of this kind are reviewed by Powers (8), MacArthur 
and Butler (4), and Charles and Smith (2). Powers (8) has developed 
formulas to calculate the genetic and environmental variances for 
segregating populations from parental and F, variances. Thus far 
little attention seems to have been given the possibility of estimating 
the number of genes involved in such segregations. The ideal analysis 
is to separate weight into its component parts, as Powers (6, 7) and 
Sinnott (10) have ‘done in comparatively simple cases. With complete 
information, however, any given case may disclose some groups of 
genes operating with geometric effects and others with arithmetic 
effects. 

Student (1/2) presented a gene analysis of Winter’s data (14) on 
the results of mass selection for high and low oil content in an open- 
pollinated maize variety. By using a genetic standard deviation 
derived from the given gross uncorrected deviations for 28 years, 
Student estimated that the number of genes segregating for oil content 
was probably of the order 20 to 40. 

Goodale (3) studied weight in the albino mouse after positive selec- 
tion for about 7 years and estimated that at least 32 genes were segre- 
gating. Butler (1) studied ovary weight in the tomato and estimated 
the segregation of 6 genes because he was able to obtain a good-fitting 
binomial with the exponent 6. Goodale and Butler used the uncor- 

1 Received for publication January 8, 1944. This work was performed under an allotment from the Spe- 


cial Research Fund authorized by Title I of the Bankhead-Jones Act of June 29, 1935. 
2 Italic numbers in parentheses refer to Literature Cited, p. 551. 
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rected gross measurements, but Student based his estimate of gene 
number upon a genetic classification. It is shown in the present 
investigation, however, that a good-fitting binomial can be found for 
any postulated exponent provided the correct geometric mean for the 
observed population has been estimated. 

The fact that a quantitatively measured character like watermelon 
fruit shape is controlled by one pair of genes has been used in estimat- 
ing the number of genes segregating in a more complex character, such 
as fruit weight. The present authors have studied several crosses in 
which genes for sex, shape, and weight are segregating in the same 
populations. 

MATERIALS AND METHODS 


At the United States Regional Vegetable Breeding Laboratory, 
Charleston, S. C., a number of crosses have been made between round, 
light-weight, andromonoecious and long, heavy-weight, monoecious 
varieties of watermelon, viz, Northern Sweet X Dove, Baby Delight 
Dove, Baby Delight Peerless, and Winter Queen Sun Moon and 
Stars. The first and third crosses were carried to F; and backcrossed 
to 1 or both parents. In the F; of Baby Delight < Peerless complete 
classification was made for shape only. In the cross of Northern 
Sweet X Dove all 3 characters were studied simultaneously in each of 
the 2 parents, F; generation, and F,. In this experiment there were 
10 replicated plots each of which contained 3 rows of F; and 1 row of 
the Northern Sweet parent. In addition, 2 rows of F; and 1 row of 
Dove were included at random to furnish data on all generations 
involved. 

The seed was planted in flats in the greenhouse, and individual 
lants were transferred to pots before being transplanted to the field. 
n all cases the rows were 12 feet apart and the hills were 3 feet apart 

in the row. The vines were pruned to one runner during the first 3 
weeks of growth. Consequently, fruit weights in these experiments 
are not comparable with those of commercial plantirgs, but all data 
within the experiments are comparable. 

The Dove variety used in these investigations is known commer- - 
cially under many names, including Gandy, Garrison, Dude Creek, 
Dude Ranch, Coker, Old Darlington, and Darlington County. It has 
a history of originating from a few seeds transported in 1865 from 
Chattanooga, Tenn., to Darlington County, S. C., by J.C. Dove, of 
Dovesville, S.C. In 1937, when these crosses were made, it had not 
been inbred; consequently the F, plants of all these crosses were 
segregating for some characters, including weight but not shape. 
Dove is one of the best quality watermelons tested at the Vegetable 
Breeding Laboratory. Early recognition of this fact accounts for the 
crosses that were made before self-pollinated lines were available. 

Of the three characters comprising this study, two (weight and 
shape) are measured quantitatively but the third (sex habit) can be 
classified only qualitatively. Shape measurements can readily be 
converted from quantitative into qualitative data, and this has re- 
cently been done in watermelon populations segregating for two pairs 
of genes for seed length (6). Comparison of observed and calculated 
Mendelian ratios was made for the two qualitatively classified charac- 
ters with the use of gene symbols as follows: A monoecious and a 
andromonoecious sex habit; 0 elongate (long) and o spherical shape of 
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fruit (Oo semilong is distinguishable in some crosses). A vs. a classi- 
fication was made at floral anthesis, and O vs. o was made after calcula- 
tion of the shape index. The construction of frequency diagrams 
revealed the most probable division points separating the shape 
phenotypes. 

Frequency histograms were made with class intervals for the shape 
and weight range based on one-third of the standard deviation. The 
magnitude of the genetic class interval used for regrouping the original 
shape measurements in F, populations was obtained by geometric ex- 
pansion® of the binomial (2 + y)? where x and y represent the mean 
shape indices of the two parents.‘ If the 1 to 2 to 1 ratio is treated 
geometrically there is a phenotypic overlap between the long and semi- 
long groups producing the observed ratio 3 long to 1 round found in 
F, or F; of the Northern Sweet « Dove cross. 

Practice with the expansion of binomials in 3 years of investigating 
complex quantitative characters such as weight and sugar content has 
given rise to ways of estimating the number of segregating genes. 
The genetic standard deviation (S,)° is calculated from the original 
field data of segregating and homozygous parental populations as 


S,= V S?—S?2 
where 
S,’?= variance of segregating population 


S,?=variance from environmental sources 


The environmental variance (S?) for the cross of Northern Sweet 
Dove was estimated by using only the variance of the Northern 
Sweet parent. 

To analyze the monofactorial shape inheritance in the 490 F, fruits 
of the observed population of Northern Sweet x Dove the indicated 
binomial is (0.5+-0.9)?, in which the two terms are the approximate 
mean shape indices of the two parents. When the binomial standard 
deviation (S’,) is calculated and adjusted for frequency disparity ® 
the two standard deviations become 0.145 for the observed population 
S, and 0.142 for the binomial S’,. That is, the F, variance from total 
sources (see table 2) is 0.0228, the S,? of the Northern Sweet fruits is 
0.0017; hence the genetic standard deviation is 


S,= ¥0.0228—0.0017 =0.145. 


General problems in quantitative inheritance, however, cannot be 
assumed to be controlled by one pair of factors; but the generalized 
binomial [1+ (n+1)]" may be used for any assumed number of 


3 Thus, the geometric expansion of (1 + 32) 5is 1 (1) + 5 (2) + 10 (4) + 10 (8) + 5 (16) + 1 (32), in which 
the binomial coefficients are found by the ordinary rule for expanding a binomial to the 5th power and the 
several term values are found by multiplying the value of the first term of the series and each successive 
value by the common ratio, viz, ¥/32/1 = 2. 

‘ This would not be correct if transgressive variation had been present. 

5 The authors are indebted to Prof. W. G. Cochran of Iowa State College for furnishing the method of 
correcting the original data for environmental effect and for directing their attention to the formula for the 
genetic standard deviation. 

he sum of the coefficients for a binomial raised to the 2d power is 4; adjustment of a frequency of 4 to 
490, the observed population frequency, was made by multiplying the sums and sums of squares for the 
generalized binomial by 490/4, or 122.5. 


675584—45—_—3 
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factors, and for one pair it would be (1+3)*.7 The standard devia- 
tion of this binomial expanded by the rules in footnote 3 is 0.831, 
which when adjusted for frequency becomes 0.721 (S,;). These. two 
binomials, (0.5-+0.9)? with a unit spread of 0.4 and (1+3)? with a 
unit spread of 2, are in direct proportion to their standard deviatioris, 
that is, 0.4 is to 2 as 0.142 is to 0.710. 

The adjusted binomial standard deviation of 0.710 (S’,) is almost 
identical with the adjusted standard deviation of the generalized 
binomial of 0.721 (S,,).. Therefore, in general problems of quantita- 
tive inheritance estimation of gene number can be made from tables 
showing values of the adjusted standard deviation of the generalized 
binomial, S,;,* as given later (p. 545). 

A formula ® for estimating S,; when exponents are too high for 
calculation by machine or ordinary use of logarithms follows: 


Sy= (I+r?)"_(1-+r)™ WA 


(2) (2) 
2n=2 
(1+r)*=2f, 


(i+r)*=2>f2 
where 


n=number of genes or binomial exponent 


r= (1+n) 
f=population frequency 
v=class value 


In adjusting S,; values for frequency, f, f,, and f,? terms are multi- 
plied by the ratio of the population frequency to the generalized 
binomial frequency. 

The shape and weight data of F, and backcross populations were 
corrected for percentage departure from the general mean of the 
population if the variance due to blocks had a significant F' value. 
The variance and covariance between shape and weight in the F, of 
Northern Sweet X Dove were calculated in two ways: (1) By using 
the observed frequencies and values; (2) by using expected subclass 
sums according to a method developed by Snedecor and Cox (11). 
The adjusted sums, but not the adjusted numbers, are useful in 
calculating variance when Mendelian phenotypes are included in a 
variance analysis. ; 

The number of genes segregating for weight in 490 F; plants of the 
population of Northern Sweet X Dove was estimated by an exten- 
sion of the foregoing formulas. 





7 Because standard errors of binomials in the series [1+ (n+1)]", where values of n represent all possible 
numbers of genes, differ according to differences in gene number. 

8 Ss; for n number of segregating genes are given in column 4 of table 6 and values from 2 to 30 genes ade 
justed for a frequency of 490 are given in column 6 of table 5. 

® Made by Dr. L. A. Dye of the Mathematics Department of The Citadel, Charleston, 8. C. 
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ANALYSIS OF EXPERIMENTAL RESULTS 
FRUIT SHAPE IN F; AND BACKCROSS POPULATIONS 


Figure 1 shows frequency histograms for distributions of fruit shapes 
in three series of crosses involving round and long parents and back- 
crosses to one or both parents. When distribution is made on inter- 
vals of one-third of the standard deviation, a discontinuous multimodal 
grouping is shown. The grouping permits qualitative classifications, 
which are roughly distributed in backcrosses on a 1 to 1 ratio and in 
F, 3 long to 1 round in two cases and 1 long to 2 semilong to 1 round 
in the third case. 

To the right side of each original histogram the population is shown 
regrouped on a genetic interval as calculated by binomial expansion. 
The x’ values for the theoretical and observed ratios of 1 long to 2 
semilong to 1 round show excellent fits, even in the cases of the two 
F, populations giving 3 long to 1 round, in a way to suggest a 1 to 
2 to 1 segregation with geometric rather than arithmetic interaction. 
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FiaurReE_ 1,—Frequency histo- 
grams for distributions of fruit 
shapes in crosses involving 
watermelon parents producing 
long and round fruits. A—H, 
Frequencies grouped on inter- 
vals of one-third standard de- 
viations. J-—P, Frequencies 
grouped on calculated genetic 
intervals. AandJ, F, of Dove 
x Baby Delight; x?,1.9152. B 
and J, (Dove X Baby Delight) 
< Dove; x?, 0.5650. Cand K, 
F, of Sun Moon and Stars X 
Winter a x’, 1.5056. D 
and L, (Sun Moon and Stars 
< Winter Queen) X Sun Moon 
and Stars; x2, 0.8981. HE and 
M, (Sun Moon and Stars X 
Winter Queen) X Winter 

0 Queen; x?, 1.1494. F and N, 

25 

se] 


r P F, of Northern Sweet X Dove; 

x?, 2.7211. Gand 0, (Northern 

Sweet X Dove) X Northern 

a a ms ae Sweet; x’, 0.0462. H and P, 
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4 (Northern Sweet X Dove) X 
SHAPE INDEX Dove; x?, 0.8850. 
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For example, with (0.51+0.93)? ° the arithmetic mean is 0.72 and 
the geometric mean is 0.69, which is closer to the mode in figure 1 for 
the population of Northern Sweet Dove. 


FRUIT SHAPE IN F; POPULATIONS 


Data on inheritance of fruit shape in two F; generations are shown 
in figure 2 by histograms for segregating and nonsegregating groups. 
The numerical proportions of segregating to nonsegregating, given in 
the histograms, are in accord with the foregoing observations for F,. 
In the Peerless X Baby Delight populations the phenotypic as well 
as genotypic ratios more closely approximated the 1 to 2 to 1 
pattern, but in the Northern Sweet X Dove populations the pheno- 
typic ratio of segregating populations continued to show considerable 
overlap between the long and semilong phenotypes producing a ratio 
of 3 long to 1 round, although a complete genotype classification of 
the F, parents is 1 long to 2 semilong to 1 round. 

INTERACTION OF SEX AND FRUIT SHAPE 

When gene interaction between sex and shape was studied, as in 
the histograms of figure 3, a pronounced linkage was disclosed. The 
measured data, when analyzed for x? and linkage values in table 1, 
indicate strong interaction values for genes A and QO in all crosses. 
In the Northern Sweet X Dove segregating populations x? for gene A 
is significant or highly significant in all three cases and for O in one of 
the three; but the two backcrosses and Dove x Baby Delight F, 
populations show no disturbance in segregation. of these two pairs of 
alleles. In all cases, therefore, coupling linkage in segregating popu- 
lations causes an association of round fruits with the andromonoecious 
sex habit and of long fruits with the monoecious sex habit. 


TABLE 1.—Orthogonalized 4? values for A, O, and ao and the calculated linkage values 
for various crosses and backcrosses of watermelons 














l Frequencies in phe- | x? De- | 
| notypic class grees A . 
Crosses and backcrosses = |___ | emer ik Lin nase 
| poe value 
i 0 | Ao aO | ao /Total | A | oO ao | dom | 
a a so ae ee ; S memes 
Crosses: | ieee ee ee | | 
Dove X Baby Delight | | 
F, population __________- 139 | toll 32 | | 27 | 230; 0.001 | 0 | 16. 001* 1 0.323+0. 039 
Northern Sweet X Dove: | | | 
Segregating F; popula- | | 
RI cere ccisne ns |1, 261 169 (267 88 12,085 | 45.418**) 3.178 (629. 521** 
F, populations-1_______- | 127 35 | | 26 | 46 | 234) 3.851* | 11. 031**| 58. 167** 
F; populations-2..------| 157 | 34 | 66 | 44 | 301 | 20.785**| L071 | 22. 158°*) 
SS Rael sian 1, 684 |270 (301 | \sos (2, 850 | | 















Deviation x?_________- 
Heterogeneity x?_____- 
Total x? 


6. 193* |700. 220** 
7.386 | 8.087* | 25.627**| 
70. 055**| 14, 280**|725. 847** 













Backcrosses: | | | | 
(Sun Moon and Stars X | io ee 
WwW mae aem) X Winter | | ae ee | 

| | 














Sear aaa 7/10/35} 85| .019 | 0 25.988**| 1 | . 200-4 :043 
( Peerless Xx Baby Delight) | RS ANG EE | | 
X Baby Delight. _____._- 5e 11 | he | 68 | 140 | .864 | 2.064 | 72. 864"* 1 | - 136+ . 029 
en | 86 | 18 | 18 103 | 225 |...) 
Deviation x?- : 1. 138 1, 138 ea 
Heterogeneity x?___...|_..._.|__.- ORE elie C9 eS . 255 -926 | 3.832 1 


RE EE NTRS Fae (eaeTs lanes cae .883 | 2.064 | 98.852**] 2). 





*Significant at 5-percent level; **significant at 1-percent level, z ey aes ; 
10 The parental mean shape indices. 
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Figure 2.—Frequency histograms for phenotypic distributions of fruit_shapes in 
nonsegregating and segregating F; populations of watermelons. A-—C, Peerless 
< Baby Delight: A, 8 all-round populations; B, 8 all-long populations; C, 21 
segregating populations. D-F, Northern Sweet < Dove: D, 10 all-round popu- 
lations; E, 12 all-long populations; F, 31 segregating populations. 
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WEIGHT AS INFLUENCED BY SEX AND SHAPE 


The effect of interaction of some of the weight-determining genes 
and the qualitatively classified allelic pairs for sex and shape is shown 
graphically and statistically in figure 4 and tables 2 and 3. 

According to graphs aud variance analyses three of the crosses show 
that sex genes have no effect on weight distribution but that shape 
genes do; in the backcross of Peerless X Baby Delight there is a 
weak reversal of the foregoing tendencies where monoecious fruits 
5.08+0.24 kg. (fig. 4, C) are significantly heavier than andromo- 
noecious fruits 4.42+0.22 kg. (fig. 4, D). But the differences between 
long and round fruits in the same population (fig. 4, K and ZL) are not 
significant. Shape interaction is usually highly significant, but sex 
interaction is low or lacking. Long fruits in these crosses are there- 
fore apt to be heavier than round fruits, and differences between 
mean weights shown in the legend for figure 4 are of the same order of 
significance as the F values for variance analyses in, table 3. The 
variance and covariance data for weight and shape (table 2) confirm 
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Fiaure 3.—¥requency histograms for shape of watermelon fruits in populations 
classified for sex habit. A and B, F,of Dove X Baby Delight: A, Monoecious; 
B, andromonoecious. C and D, (F; of Dove X Baby Delight) X Baby Delight: 
C, Monoecious; D, andromonoecious. FEand F, F, of Northern Sweet < Dove: 
E, Monoecious; F, andromonoecious. G and H, F; segregating populations of 
Northern Sweet X Dove: G, Monoecious; H, andromonoecious. 
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WEIGHT (KG.) 
FicgurE 4.—A to H, Frequeney histograms for weights of watermelon fruits in 
populations classified for sex habit. .A, Monoecious (Sun Moon and Stars x 


Winter Queen) X Winter Queen; mean 7.41+0.34 kg. B, Andromonoecious 
population of the same backcross; mean 6.94+ 0.34 kg. C, Moncecious (Peerless 
< Baby Delight) x Baby Delight; mean 5.08+0.24 kg. D, Andromonoecious 
population of the same backcross; mean 4.42 + 0.22 kg. (difference between mean 
values of C and D significant at 5-percent level). H, Monoecious F; of Dove 
Baby Delight; mean 5.12+0.17 kg. F, Andromonoecious of the same cross; 
mean 4.70+0.25 kg. G, Monoecious F, of Northern Sweet <x Dove; mean 
5.05+0.12 kg. H, Andromonoecious of the same cross; mean 5.00+ 0.09 kg, 
I to P, Frequency histograms for weights of watermelon fruits in the same 
populations as in A to H, classified for fruit shape. J, Long-fruited (Sun Moon 
and Stars Winter Queen) X Winter Queen; mean 7.86+0.31 kg. J, Round- 
fruited populations of same backcross; mean 6.46+ 0.34 kg. (significant at 
l-percent level). K, Long-fruited (Peerless Baby Delight) x Baby Delight; 
mean 4.97+0.24 kg. JL, Round-fruited population of same backcross; mean 
4.51+0.22 kg. M, Long-fruited F, of Dove x Baby Delight; mean 5.25+ 0.16 
kg. N, Round-fruited population of the same cross; mean 4.48+ 0.27 kg. (sig- 
nificant at 5-percent level). O, Long-fruited F, of Northern Sweet x Dove; 
mean 5.28+0.09 kg. P, Round-fruited population of the same cross; mean 
4.364 0.14 kg. (significant at 1-percent level). 
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the data from histograms and the interpretation already given and 
show that the correlation between weight and shape is of the same 
order as observed by Weetman (13). 


TABLE 2.—Variance and covariance of weight and shape data from 2 sister Fz 
populations of Northern Sweet X Dove watermelons 


[Variances calculated from original data and from data adjusted for expected subclass frequencies] 



















































Mean squares for— 
i te aia lr ~ | Unadjusted 
Degrees Toi Shana afficie 
Sources of variation of Weight Shape pc 
Pen ee =a i ome ies (PO gi 
tion 
Original Adjusted Original Adjusted 
data data data data 
Rows._-- - Cabins % |S ga e 0. 0398 | RE ae ant 
Sex X shape 4] 15,6037] 3.8756 | 1.3504 | 0.0012 |... 
Sex y 1 . 2056 14. 0559** 1.0536 |. . 0087 
Shape : j 1 83.0146**| 106. 8553** oe 4773**| 7. 2093** 
Sex X shape total 3 32. 9413 | 41. 5956 2. 3935 | 2. 4064 
Error____. | 457| 2.5859 | 2.5490 | 0054 | - 
Total oN ee 489 | 3.8258 see 





| 


*Significant at 5-percent level; **significant at 1-percent level. 





TABLE 3.—Analyses of variance of 1 F, and 2 backcross populations of watermelon 
varieties separated according to sex and shape 

















(Sun Moon and Stars X | sppace ae ioht) 
Baby Delight X Dove ——— Queen) X Winter | uv gg ys A 
Queen 
Source of | | Be 
variation | | | | | ] 
Degrees} | Degrees | | | Degrees | | 
of | Variance F of | Variance | F of | Variance F 
freedom| freedom | | | freedom | 
pied | | | (UR eet, Ire ieee 
Sex. es 1| 14.078 | 3.32 1| 4.846 | 1.07 | 1} 15.268 | 4.13 
Shape____- eee 1 | 26. 3541 6. 22* 1 41, 120 | 9. 11**| 1 | 7.444 | 2.01 
Error___-- 3 227 | 4.239 81 | 4.515 | 139 3. 696 | 
Total... ... 229 | 4. 379 | : | 83 4. 960 | 141 3. 804 ‘ 
| | | 








*Significant at 5-percent level; **significant at 1-percent level. 


Where it was possible to show the degree of correlation between 
shape and weight with sexes separated, the coefficient for the 
monoecious sex was usually higher than for the andromonoecious 
sex,—0.49 (326 degrees of freedom) for the former and—0.26 (160 
degrees of freedom) for the latter, in F, of the cross Northern Sweet x 
Dove, comprising 490 plants. Both coefficients were highly significant. 

On the other hand, there are several F; and backcross populations 
where no significant degrees of correlation are found. In Baby 
Delight < Dove there were coefficients of —0.13. (151 degrees of 
freedom) and —0.07 (53 degrees of freedom) for the two sexes; 
neither coefficient approached the 5-percent level of significance. 

Data from F; and backcross populations of Dove < Baby Delight, 
Peerless X Baby Delight, and Sun Moon and Stars * Winter Queen 
also showed correlation coefficients below the 5-percent level of 
significance. 

An improvement in the magnitude of the correlation coefficients 
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occurred when shape and weight data were grouped according to 
Mendelian phenotypes. The correlation coefficient for the Mendelian 
classes was —0.8630, instead of the —0.3128, as indicated in table 2 
for total sources of variation. 


ESTIMATING THE NUMBER OF GENES SEGREGATING FOR WEIGHT IN 
NORTHERN SWEET X DOVE 


The magnitude of a standard deviation for weight distribution in a 
segregating population is governed by some other factors in addition 
to the environmental and genetic sources of variability already con- 
sidered. Two of these are the numerical frequency of the population 
and the magnitude of the spread in terms of the theoretical binomial 
governing the population distribution. Consequently, the statistical 
constants for a theoretical population will require adjustment for 
these two factors before comparison with the statistics of an observed 
population is permissible. 

The steps by which the number of genes segregating for weight 
inheritance (table 4) in the cross Northern Sweet * Dove was esti- 
mated will be first stated briefly and then illustrated. 


TABLE 4.—Constants of weight calculated from F, progeny and parent populations 
connected with the history of the cross Northern owe X Dove watermelons 


























‘yn viron lenetic 
Arithmetic Total Environ Genetic 
Type of Mendelian population mean variance ot a Ba i i iati 
weight (Sm?) variance deviation 
(S2) ( &) 
kg. 
Dove grown with F2__._..__...-...--- af 7. 4640. 85 3. 633 
Dove grown with backcross to Dove_-_____- 8. 61+ . 56 4. 997 
Northern Sweet grown with Fy_______- 3. 244+ .08 1. 446 
Northern Sweet grown with backcross of Fi to 
Northern Sweet_______- 3. 30+ . 35 1. 518 
Fi grown vb 2 ea eae: _.| 4.62+ .21 1. 608 | 
Seah 8 E> ¢ R ee e O ROe OR Moree a ee -| 5.02 3. 826 1. 446 | 1. 543 
Fi backcrossed to Dove._____- Soe, | 8. 138 4.997 | 1.772 
F; backcrossed to Northern Sweet_...-______- 4.72 | 2. 807 1. 518 1. 135 





The number of genes which determine the inheritance of a quantita- 
tive character in a given population is the exponent of the generalized 
binomial [1+(n+1)]" whose standard deviation corresponds most 
closely to the value of @ in the following procedure: 

The value of S,, the genetic standard deviation of an obtained 
segregating population, is the square root of the difference between 
the variance of that population (S,,?) and the environmental variance 
(S.?) of the homozygous populations planted with it (i. e., both parents 
and F,). If S, does not fall within the limits of certain calculated 
S,; values (see 0.707 for 1 gene and 2.310 for 100 genes in table 6), it 
should be transformed (by division or subtraction) until it does. 
S, is then compared (see table 6) with the nearest generalized bino- 
mial standard deviation (S,;), which has been adjusted for (1) 
differential population frequency and (2) binomial spread, as follows: 

(1) Frequency: values of f, f,, and f,? in the frequency distribution for the 


theoretical population of S,; are multiplied by the ratio of the total numbers of the 
observed to the theoretical populations." 


(2) Binomial spread: x (fully adjusted genetic standard deviation) is to S, as 
the obtained population geometric mean (properly fitted and transformed with 
the same factor as S,) is to the-generalized binomial [1-+-(n+-1)]" geometric mean. 


11 Frequency adjustment for powers above 10 makes such little difference that it may be omitted. 
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EstiMATInc GEOMETRIC MEAN WEIGHT 


One may temporarily consider the true modal class value of the 
observed population as the geometric mean of the observed population. 
It will also be the geometric mean of the two terms of a bracketed 
binomial which produces a curve giving the best possible x? fit with 
the observed population regrouped on geometrically senna class 
intervals. One requires a number of trial binomials all having the 
same geometric mean, including the values of the upper and lower 
limits of the segregating population range, as well as the mean values 
of the two parents. When one has the best fitting binomial one may 
calculate its standard deviation S’,” for comparison with tabular 
values of S;;. To illustrate: 


(1) The modal class value which most nearly fits all four of the histograms 
belonging to the F, population, Northern Sweet X Dove, at the bottom of figure 4 
is by inspection about 4.2 kg. or 4.4-kg., the parental weights are about 3.2 and 
7.5 kg., and the weight range limits are ‘about 1.7 and 9.7 kg. A good series of 
trial binomials for the two geometric means 4.2 and 4.4 are as follows: 


4.2: (3.2+5.5) (2.7+6.5) (2.2+8.0) (1.7+ 10.4) (1.2+ 14.7) (0.7+ 25.2) 
4.4: (3.2+6.1) (2.7+7.2) (2.2+8.8) (1.7+11.4) (1.2+16.1) (0.7+27.7). 


(2) Geometric expansion of one or two serves to identify the most likely ones 
for further testing. It is necessary to obtain the frequencies and class values of a 
theoretical population and the class values with which to regroup the raw data for 
x? testing. This may be done as indicated in the next section. 


TABLE 5.—Best fitting binomial terms for a geometric mean of 4.5 kg., and x? values 
of bracketed binomials (S’,) compared with tabular binomial Pt te deviations 
(Sz:) of the series [1+ (n+1)]" adjusted for frequency calculated with the weight 
data of 490 F, Northern Sweet Dove watermelon fruits 


| | | 5-percent | | Tabular or | 





; he cen | Bracketed | Fitted | Soi (fre- | Difference 
Binomial exponent | binomial | x? a" ad or 8’, | quency ad-| S'o-Sti! 

| | evel | justed) | 

| | | | | | 

| | 
- a 2.7+ 7.5 1. 846 | 5.991 | 1.725 | 0. 721 1.004 
RS | 2249.20! 6.516 | 9.488 | 1.739 ‘989 | -7, 
Dies | 1. 9+-10. 66 8. 141 | 11.070 | 1.719 | 1. 166 . 553 
ies |} 1.7+11.9 12. 967 | 14. 067 | 1. 688 | 1.291 | .397 
10 | 1,4+-14.5 9. 893 15. 507 | 1. 829 | 1. 390 | 439 
12 1, 2+16. 88 10. 412 | 14. 067 | 1. $04 | A, | .429 
14 1. 24-16. 88 9. 753 15. 507 | 1. 734 | 1.2 | . 186 
16__ 1. 04-20. 25 15. 568 | 15. 507 | 1. 874 | 1.592 | .282 
ss... | 1. 04-20. 26 13. 627 18. 307 1. 748 | i | .101 (—0. 144) 
, SS . .8+25.31 | 16.353 15. 507 | 1. 937 1.6 . 238 ( —. 092) 
22... .84-25.31 | 17. 146 | 18. 307 | 1. 850 | 3. - 112 ( —. 653) 
= et. } . 84-25. 31 19. 799 | 18. 307 1. 728 | 1.7 . 039 ( —. 014) 
26 sonal . 7+28. 93 23. 337 | 18. 307 | 1.811 | 1. . 001 ( +. 021) 
- See ~ $ . 7+28. 93 19. 955 | 21.026 | 1. 734 1. - 111 ( +.054) 
30 re " a, . 6433. 75 15. 300 | 18. 307 | 1.831 | L . 044 ( +. 084) 











1 cialis tie differences were found by using 1.791 as an average value of S’,. 

2 Higher values of Sp; are not frequency adjusted because binomial frequencies are so great that 10-place 
logarithms are inadequate to give enough significant figures and the adjusted values are increased so little 
that the calculation is unnecessary. 


12 §’, values for the 490 fruits are given in table 5, column 5. 
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REGROUPING Raw WeEiGuHT Data 


Each trial binomial has its own rate of difference between class 
values, necessitating a new regrouping of raw data for each new trial. 
The rate of difference for any binomial series is found by the formula: 
last_term\+ aE leet Ree See - 
first term)"’ Where ” is the exponent or any assume 
number of genes. For example, in the case of (1.2+14.7)" the rate 
of difference between all terms of a geometric progression is the 14th 
root of 14.7/1.2, or of 12.25, readily found by logarithms. The log of 
12.25 is 1.088136, and of the 14th root 0.077724, the antilog of which 
is 1.196. There will be 15 terms in the theoretical population of 
which the first is 1.2 kg.; the second and succeeding terms are obtained 
by multiplying by 1.196 the foregoing term value until the last term, 
which is 14.7, is reached. At the outset three values are known: 1.2 
for the first, 4.2 for the eighth or mode, and 14.7 for the last or 15th, 
as convenient checks on arithmetic while multiplying. Upon learn- 
ing all 15 class values, class limits are set up as follows: 

Mean class values_----_--- 1.2 1.4 17 2.1 2.5 2.9 ete. 
Clings limite... 22... 1.3-1.5 1.6-1.9 2.0-2.3 2.4-2.7 2.8-3.2 

Regrouping the raw data into these intervals furnishes an observed 
frequency distribution for a x? comparison with the theoretical popula- 
tion having the same class values, but with frequencies found as 
described in the following step. 


Rate equals 


CALCULATING THEORETICAL CLASS FREQUENCIES 


The regrouped population can be compared with the theoretical 
population obtained by expanding (1.2+14.7)'* and adjusting the 
coefficients of each term for the obtained total of 490. The theoretical 
population total of the 14th power is 16,384 (table 6); therefore it is 
necessary to multiply the coefficient for each term by 490/16,384, or 
0.0299. 


eT TTS A ee ag rae eC 1.4 ee OE Sr. RO ee 
TSN OER Seat eh EAN eae PR 1 6 3 21 40 58 
HE SUNT i a a Mae ert aia 4 27 109 300 599 89.8 
Class values !_________- 4°39: 6:0) “6:50: 7. 3 “8rBr - TOree Ls 
Cpserved #. 2s ck 111 79 85 56 24 5 1 
Calculated 2__-._______-_ 102.6 89.8 59.9 30.0 10.9 2:7 .4 


1 Class values above and below tbe range of observed values are omitted. 
Total frequency is 490. 
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TaBLe 6.—Data for estimating the probable number of Mendelian genes segregating 
in quantitative inheritance problems with geometric interaction 























| Modal fre- Total age eit devi . tac 
y : quency in tion (sum o ation (Spi) o opulation in 
Number of genes | binomial | binomial | [1+{n+1)]* modal class 
| series | coefficients) (geometric) ! 
| | 
Number Number | Percent 
DE inthe line paras aapmacoeconk bo asmteoenwcisiaineweten 2 OT, AE paseo Sei 
SE SAS A | 2 4 831 50. 00 
RRO ED ORE SR ERS eee ore: Sameer waimee 8 = gk, SRS R Eee 
RE SE Ce eee a ee 6 16 1. 021 37. 50 
Te cle cinerea ioe 32 ef See 
__ ERE RTEN REE STR Pa, IS a epee 20 64 1.171 31. 25 
Lis ee Ee eee (ee Mee ene 128 eh eee nae 
Merete nn alt Sain ata on clad mainte wrtcie | 70 256 1. 292 27. 34 
Pepereher re Peso re ee eek te 8, | 252 1,024 1, 389 24.61 
| ee ae CaaS 924 4, 096 1. 474 22. 56 
Ere ieee odoin wk Lie de diane cues Wad wai | 8, 432 16, 384 1, 545 20. 95 
i ated ciated a Pua teniht datinineh cekibicnwaiegs | 12) 870 65, 536 1. 590 19. 64 
EY ee, ens Bee ge od ae akawhae | 48, 620 262, 144 1. 646 18, 55 
SCR SE ER AES Lee ae eee \ 184, 756 1, 048, 576 1. 699 17. 62 
Reo ee Bete oe at | 705, 432 4, 194, 304 1. 738 16. 82 
SNES Re Pe eee et ee eee 2, 704, 156 16, 777, 216 "1777 16. 12 
ARE LE  Cheene aiee = iciates | 10, £00, 600 67, 108, 864 1. 812 14. 50 
EE CRE, rie RE eR eal y Onl ee | 40, 116, 600 268, 435, 456 1. 845 14. 94 
a ANA a SES ie a ome 155, 117, 520 1, 073, 741, 824 1, 875 14. 45 
Logarithm of Logarithm of 
number number 
8. 7789325 DD Bec a5 oss | 14. 00 
9. 3680276 JC 3 eee | 13. 58 
9. 9578531 eee ee 2 13. 2] 
10. 5483313 itv See 12. 86 
11. 1393959 12. 0411998 1. 981 12. 54 
11. 7309904 iS Sata 12. 24 
12. 3230661 ls | 9 eee 11. 96 
12. 9155809 =) 8 eens 11.70 
13. 5084974 Lk. eee ee 11. 46 
14. 1017835 15. 0514998 2. 105 11. 23 
21. 8283843 | ye ae Ra 9.12 
29. 0038539 | 30. 1029996 2.3104 7.96 
' 








1If this column is recalculated by arithmetic progression, the entire data will be useful in all cases of arith- 
metic or geometric interaction. Values not shown can be approximated by location on a curve connecting 


the given points, or calculated by the formula Ss;?= (4) - ey)” where r=(1+n)!", n=genes. 


TrestiInG GOopDNEss OF Fir 


The x? test is the best gage of success in estimating the correct 
geometric mean. After three or four theoretical populations are 
calculated it is easy to see how an even better fitting population can 
be estimated by shifting the assumed geometric means lower or higher 
or by shifting the range of the binomial up or down. The theoretical 
population just calculated gives a x” value of 71.678 with 8 degrees of 
freedom.’ The shape of the frequency distribution then showed that 
an improvement could be made with a geometric mean at 4.4 kg. 
instead of 4.2. When this was done with the binomial (1. 2+ 16. iia 
the x’ value was 20.875 for 8 degrees of freedom. After again shift- 
ing the geometric mean to 4.5 kg. and the binomial to (1.2+ 16.9)" 
the x? was reduced to 9.753, which for 8 degrees of freedom must be 
considered a very good fit with 5- -percent tabular significance at 15.507. 
Success in finding better binomials is shown by the improvement made 
in regrouping raw data. For binomial (1.2+14.7)'* the percentage 
modal class frequency is 22.7, but for (1.2+16.9)* it is 20.8, which is 
very close to the tabular value of 20.95 from table 6. Shifting the 
assumed mean to any other value than 4.5 kg. increased x’, and widen- 


13 Classes with frequencies below 5 should be combined with adjoining classes. 
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ing or contracting the binomial range beyond 1.2 to 16.9 increased 
is Z . sas dies : 

x’; therefore the true geometric mean is bracketed with the mean and 
range thus found. 


Finpinc Brest Estimate oF NUMBER OF SEGREGATING GENES 


Data of table 4 show that the 490 weights of the F, population had 
a variance from total sources of 3.826 and the Northern Sweet parental 
line planted with it had an environmental variance of 1.446. There- 
fore, by the formula for a genetic standard deviation, S, is 1.543. 
Table 6 indicates that the closest S,; is 1.545 for the generalized bino- 
mial (1+15)", which has a geometric mean of 3.88 for comparison 
with the obtained population geometric mean of 4.5 kg. 

It was learned that any assumed number of genes as well as 14 will 
give a bracketed x? value, but only provided the geometric mean was 
4.5 kg. The results of extending the assumed number of genes lower 
and higher than 14 is shown in table 5. The 15 trial binomials hay- 
ing the best fitting x? value for even numbers 2 to 30 gave an average 
genetic standard deviation (S’,) of 1.791. Value for S);, on the other 
hand, increased as the number of genes increased; consequently, the 
best estimate of gene number is that for which the difference between 
S’, and S,, is least; in the present case this is between 24 and 26. 

The hypothesis of 25 genes may also be tested by calculating a pro- 
portion in which @, or the adjusted genetic standard d>viation, is to 
S, of the obtained population as the obtained population geometric 
mean is to the generalized binomial geometric mean. 

Calculation of z is as follows: 


2/1.543 =4.5/3.88, in which r=1.790 


ESTIMATING NUMBER OF GENES SEGREGATING FOR WEIGHT IN 
BACKCROSS POPULATIONS 


The two populations of F,; Northern Sweet x Dove backcrossed 
to both parents were also analyzed for estimated gene number. 
Table 4 shows that the backcross to Northern Sweet had an environ- 
mental variance (S,?) of 1.518 estimated from the Northern Sweet 
planted with it and that 2.807 is the variance of the segregating 
population. The estimate of the genetic standard deviation (S,) 
becomes /2.807—1.518, which equals 1.135. The indicated tabular 
binomial was (1+7)*® whose geometric mean is 2.646 and whose S;, 
adjusted for a frequency difference of 64 versus 490 is 1.166. The 
fitted binomial of the backcross population (fig. 5) is (1.1+15.28)”, 
whose geometric mean is 4.1 kg. If the adjusted standard deviation 
of the generalized binomial (S,,) is to be calculated by proportion, 
as for F,, allowance must be made for the fact that only half as many 
genes’ are segregating in a backcross as in F., and the weight incre- 
ment will be only half that obtained in F,. Therefore, the value 
of calculated by proportion. will be twice the weight increase to be 
expected. The proportional adjusted value of & is calculated as 
follows: z is to 1.166 as 4.1 is to 2.646; @ is 1.807. The increment 
is 0.641 (1.807—1.166), half of which is 0.321; therefore, 1.166 plus 
0.321 is 1.487. This final value of % (1.487) corresponds to a tabular 
genetic standard deviation of 12 genes (table 6); consequently the 
fitted binomial is (1.1-+15.28)” and the estimate of 12 genes agrees 
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Figure 5.—Results of curve fitting between theoretical and observed popula- 
tions of F,; of Northern Sweet X Dove and of F; backcrossed to both parents, 
using two sets of bracketed binomials from table 5. A, The most probable 
binomials raised to the 25th and 12th powers. B, A random selection of 
other bracketed binomials shown in table 5 raised to the 14th and 7th powers 


with the two estimates of 12 or 13 pairs of genes made from analysis 
of the F, data, where the best fitted binomials (0.8+25.31)* and 
(0.7+28.93)* bracketed the S,, for 25 genes. 

Analysis of the backcross to Dove is less satisfactory, however, as 
may be expected when the backcross parent is heterozygous. The 
gene number 12 was therefore arbitrarily adopted, and the popula- 
tion fitted to a curve based on the fitted binomial (1.9-+ 22.9), with 
population geometric mean of 6.6 kg. The results of curve fitting 
in all three of the populations of this cross are shown graphically 
in figure 5. 

DISCUSSION 


Variance analyses of the foregoing data confirm the observations of 
Weetman (/3) and Rosa (9) regarding the relation of shape to sex 
and weight; and furthermore they indicate a strong probability of 
genetic linkage in both instances. Especially is this true in the case 
of the sex-shape interaction, where linkage values have been calcu- 
lated for F, and backcross populations. The shape-weight interaction 
is not readily measured because of the presence of many genes for 
weight, probably 12 or 13 loci in the cross Northern Sweet Dove, 
only 1 of which need be on the same chromosome with that for shape 
in order to account for the weak though highly significant coefficient 
calculated. The covariance data between shape and weight in this 
same F, population, —0.3128 for total sources of variance and —0.3755 
for random error sources of variance, are in close agreement with the 
—0.34 and —0.41 found by Weetman in 2 different F, populations; 
but other segregating waits Waa fail to show any significant degrees 


of correlation between shape and weight. 
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Such discrepant data for shape and weight are to be expected from 
cross to cross, because Citrullus vulgaris has 11 pairs of chromosomes, 
and the 12 or 13 pairs of genes indicated for the cross Northern 
Sweet < Dove are probably well scattered among the chromosomes. 
Furthermore, where soiltele loci determine the effects of 1 character 
like weight the ones involved in 2 different crosses will hardly be 
the same. 

The excessive x? values for the locus Aa, shown in table 1 for most 
populations, require an adjustment to care for this distortion. Snede- 
cor and Cox’s adjustment of frequencies and sums for expected sub- 
class numbers (11) was designed for such cases. In table 2 variances 
for weight and shape calculated from the original data are compared 
with adjusted values, and a general improvement from adjustment is 
evident. The only change in interpretation, however, concerns the 
variance in weight due to sex, where the original nonsignificant 
variance of 0.2056 became 14.0559, significant at the 1-percent point. 

Calculations have shown that sex and weight are both probably 
linked with shape and should therefore be linked with each other. 
Consequently, the adjusted values are in harmony with expectations, 
and the mildness of the sex-weight interaction 1s explicable on the 
assumption that the sex and weight loci are on opposite sides of the 
shape locus and too far apart for the3 interaction to be strongly marked. 

The positive skewness associated with F, populations interacting 
with geometric effects might at first be mistaken to indicate dominance 
of genes for small size. However, this occurs mostly because genetic 
intervals are smaller at the beginning of the range; hence the popula- 
tion tends to heap up at that part and spread out on the other end of 
the range. Class frequencies are the same in a binomial whether 
interaction is arithmetic or geometric, but the shape of the outline 
depends on the type of gene interaction; increase by a common number 
for arithmetic interaction gives uniform class intervals, and increase 
by a common rate for geometric interaction gives increasingly longer 
class intervals. 

If measurements of the F, population under consideration were made 
in pounds rather than kilograms the geometric mean would have been 
about 9.2 pounds instead of 4.2 kg. and the S, about 3.395 pounds 
instead of about 1.543 kg. The value 3.395 is so high that column 4 
of table 6 cannot be entered even at 100 genes, and the most logical 
transformation would be from pounds to some unit of the metric 
system. Division of the mean and S, expressed in pounds by the 
conversion factor 2.2 gives kilogram values more nearly comparable 
to the scale of tabular S,,; values. 

The need already pointed out for adjusting theoretical and brack- 
eted binomials to compensate for inevitable elesei in spread was 
also stated by Powers (8) in his study of the sources contributing to 
environmental variances. Powers found that the experimental design 
should include both parents and the F, generation in each block. 
The environmental variance is calculated as the geometric mean of 
the variances of the three homozygous populations; in other words, 
each parental population occupies one of three different portions of 
the environmental range. 

In the Northern Sweet < Dove populations used for this study, the 
Northern Sweet parent alone had sufficient seed for inclusion in all 10 
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blocks; consequently, the environmental variance (S,’) in this problem 
was assumed to be given by this one parent. For comparison, how- 
ever, calculation of the S? from data of all 3 homozygous generations 
planted with the F, (see table 4) generation was made and found to 
indicate the segregation of 30 genes instead of 25 genes. This may 
mean that sampling the parental range at only 1 point instead of 3 
points gave the best agreement with analysis by subtraction of S’, 
average values in table 5 from S,;._ In any event, planting all 3 paren- 
tal generations along with F, in each block would be very difficult if 
not impossible in most plant material. 

Practically all the authors cited in this study agree that gene 
interaction in weight inheritance, at least, is geometric. Sinnott (10) 
states the argument as follows: 

Fruit size differences at maturity are due to several distinct and apparently 
independent processes. The production of new cells by division, the expansion 
of cells to their final size, the attainment of reproductive maturity (which affects 
the duration of cell division), and the development of the secondary cell wall 
(which affects the extent of cell enlargement) are four such processes. ... If 
one gene tends to double the number of cells . . . and another to triple their 
volume, the combined effect of the two will be to multiply the volume of the fruit 


by six times. 

Consequently, it is believed that a method of estimating total 
number of segregating genes in multiple-factor inheritance of a char- 
acter like weight is significant on- the grounds that if the main effects 
are geometric, the overlap between genetic classes smoothes out the 
effects of other phenomena like linkage. If the correct geometric 
mean is known, then the effective segregating range, together with the 
genetic standard deviation, may be calculated; and the most probable 
number of segregating genes is given by the adjusted value of the 
appropriate standard deviation of [1+ (n+1)]". 

When 12 or 13 pairs of genes segregate in an F, generation, a back- 
cross to a homozygous parent should segregate at the same 12 or 13 
loci but only half as frequently as in F,. Table 4, which gives weight 
constants for the generations planted with the F, generation, shows 
that the Dove parent was undoubtedly heterozygous for weight genes. 
Consequently, the tabular value of S,; cannot show precisely whether 
the F, gene number involves 12 or 13 loci. Since the original F, was 
undoubtedly heterozygous, it is possible that another F, population 
from the same cross might show 11 or even 14 loci. 

The population from the backcross to Northern Sweet is the only 
one from a backcross to a homozygous parent, and its number of 
segregating genes was estimated by adjusting the first trial generalized 
binomial by one-half the increment indicated by the method of ad- 
justing the F, population of the same cross. This argument is sup- 
ported by the fact that, when F, and backcross generations are 
adjusted, respectively, by the full and the half increment computed, 
the estimated number of segregating genes is 25 and 12 according to 
expectation. 


SUMMARY 


In the watermelon the 2 characters fruit shape (O elongate vs. o 
spherical) and plant sex habit (A monoecious vs. a andromonoecious) 
are shown to be linked with a cross-over value ranging from 0.136 
+0.029 for a backcross population of 140 plants to 0.207+0.010 
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for segregating F; populations totaling 2,085 plants and to 0.350 
+0.035 for an F, population of 301 plants. 

Fruit shape and fruit weight are significantly correlated in three 
groups of crosses (including backcrosses), in the best designed popu- 
lation of which r= —0.313 from total sources of variance and —0.86: 
for the four sex-shape Mendelian phenotypes; but the two characters 
fail to show significant correlation in some other crosses. Linkage 
a gi are impossible because of multiple-factor determination of 
weight. 

Weight data distributed according to sex phenotypes show weakly 
significant or nonsignificant differences between the mean weights 
from the two sex types, but linkage between sex type and one of the 
weight genes is probable in the particular cross studied. 

Number of genes segregating for weight inheritance in the cross 
Northern Sweet (about 3.2 kg.) X Dove (about 8.0 kg., heterozygous 
for weight) was estimated from the F, population at 25 genes and from 
the backcross to Northern Sweet at 12 genes. 

Gene number estimation was made by comparison of the geometric 
mean and genetic standard deviation of the observed populatign with 
the geometric mean and standard deviation of the generalized binomial 
[1+(n+1)]" when adjusted for differences in population frequency 
and spread. 

When the true geometric mean of a segregating population is known, 
a good-fitting binomial can be made for any postulated number of 
genes; hence, the most probable number must be estimated according 
to the genetic standard deviation of the original uncorrected data 
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SOME FACTORS AFFECTING THE INSECTICIDAL ACTION 
OF PYRETHRUM EXTRACTS ON THE BEET LEAFHOPPER! 


By F. H. Harriss, associate entomologist, J. D. DECouRsEY, junior entomologist, 
and R. N. Hormaster, field aide, Division of Truck Crop and Garden Insect 
Investigations, Bureau of Entomology and Plant Quarantine, Agricultural Research 
Administration, United States Department of Agriculture * 


INTRODUCTION 


The beet leafhopper (Hutettiz tenellus (Bak.)) is the vector of curly 
top, a disease of beets, beans, tomatoes, and other crops. Pyrethrum 
extract applied in oil as an atomized mist has been found to be very 
effective against the insect (2, 4),° and the practicability of this 
method for protecting sugar beets grown for seed under the mild 
winter conditions of the Southwest has been demonstrated (7). 
Owing to continued movements of the insect from desert breeding 
areas to the cultivated sections during the earlier and more susceptible 
stages of plant growth, it has been found extremely difficult to con- 
trol curly top in beets grown for sugar (4). 

The variability of the results obtained in field tests during the 
course of insecticide investigations on the beet leafhopper suggested 
that the insecticidal action of pyrethrum-oil sprays was being in- 
fluenced by temperature or other weather factors. Several references 
in the literature on pyrethrum show that temperature may exercise 
an important effect on the insecticidal action of this material. 
Chevalier (3) found that the insecticidal effect of pyrethrum extract 
on cochylis caterpillars was much greater at 16° C. than at 36°, and 
Hartzell and Wilcoxon (6) reported that when rose chafer adults in a 
moribund state from pyrethrum intoxication were exposed to a higher 
temperature, the processes of recovery and death were both accelerated. 
According to Fleming (5), pyrethrum sprays were much more effective 
against the Japanese beetle in warm, sunny weather than under cool, 
cloudy conditions. Béttcher (/) tested pyrethrum extract both as a 
stomach poison and as a contact insecticide on the honeybee and 
found in each case that the toxic effect was greater at 20° C. than 
at 34.5°. 

The present paper describes results of laboratory tests on the 
relative effectiveness of pyrethrum extracts under different controlled 
conditions of temperature and relative humidity. The chief purpose 
of the study was to ascertain the probable causes of variation in 
control of the beet leafhopper with pyrethrum-oil sprays. 

1 Received for publication January 27, 1944. 
2 The authors express their <—eme to J. R. Douglass for supervision during the present study, to 
L. B. Reed for his interest and help in the preparation of the manuscript, and to workers of the Division of 


Insecticide Investigations of this Bureau for analyses of the pyrethrum extracts used. 
% Italic numbers in parentheses refer to Literature Cited, p. 565. 
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METHODS, APPARATUS, AND MATERIALS 


The insects used in these experiments were adult females of the beet 
leafhopper collected from Russian-thistle (Salsola pestifer (A. Nels.)) 
near Twin Falls, Idaho. Some of the first collections were made with 
a sweep net, but this method was superseded by the use of the mobile 
collecting trap described by Douglass and Bean.* To avoid pos- 
sible variation arising from differences in sex ratio of the groups of 
insects used in different experiments, female leafhoppers were used 
exclusively. The insects were collected 1 or 2 days before they were 
to be used in spray tests and were caged on a large beet plant in the 
laboratory during that time. The insects were selected at random 
in groups of 10, injured or obviously parasitized specimens being 
avoided, and were placed in smaller cages by means of a small suction 
tube. These cages of insects were then separated at random into the 
various groups to receive different treatments. 

The cages (fig. 1, C) were 4 inches in length and about 2 inches in 
diameter and were made by cementing small sheets of cellulose acetate 
(gage 0.02 inch) in the form of cylinders and closing the ends with 
wire-mesh caps. A small brass grommet was placed in the center 
of the screen cap at one end of the cage to provide an opening. Small 
sugar beets grown in the greenhouse were used as host plants. Leaves 
used in the cages were trimmed to a common pattern to make them 
uniform in size and shape. The cages were mounted on the plants 
by thrusting a single leaf through the grommet and closing the opening 
with a split rubber stopper mounted around a bit of cotton on the 
petiole. The insects were introduced through a small hole punched 
in the sleeve portion of the cap and side wall of the cage, which was 
opened and closed by rotating the cap. 

Standardized methods were used so that each group of insects 
would be sprayed in as nearly the same manner as possible. The 
methods were also designed to permit spraying under controlled 
temperature-humidity conditions and to eliminate the excess spray 
from the cabinet® to avoid fumigation effects. The equipment, 
which included an electric blower, a funnel, and pieces of flexible metal 
tubing, is illustrated in figure 1, A. 

When the insects were sprayed under different conditions of tem- 
perature and humidity, the apparatus was placed in a controlled 
cabinet with the exhaust end of the spray duct protruding through a 
circular opening to the outside of the chamber (fig. 1, A). A small 
door in the cabinet permitted manipulation of the plant and insertion 
of cages in the device in preparation for spraying. The insects were 
sprayed in two ways, (1) while caged on the plants, and (2) before 
being placed on the plants. In the first method spraying was accom- 
plished by bending the leaf petiole and inserting the cage through an 
aperture into a section of the tube that was opened and closed by 
rotating a metal sleeve (fig. 1, D). Opposing edges of the metal parts 
were padded with felt to permit closure of the opening without injury 
to the petiole. When the leafhoppers were to be sprayed before being 
placed on the plants, corks were placed in the grommet openings to 
confine the insects before and during spraying, and the cages were 
later mounted on the plant by the method just described. 

4 Dovetass, J. R., and BEAN, E. H. A MOBILEINSECT-COLLECTING TRAP. U.S. Bur. Ent. and Plant 
Quar. ET-146, 2 pp., illus. 1939. [Processed.] 


5 ANNAND, P. N., and Harrigs, F.H. TEMPERATURE-HUMIDITY CONTROLLED CABINETS FOR THE STUDY 
oF Insects, U. 8. Bur. Ent. and Plant Quar. ET~-159, 6 pp., illus. 1940. [Processed.] 
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For spraying the insects alone, the cage could be placed in the 
intake tube, or ahead of the suction fan, with the advantage that this 
portion of the system could be washed more thoroughly to remove 
spray residues (fig. 1, B). After the cage had been inserted in either 
position the blower was started by a switch outside the cabinet, and 
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Figure 1.—Diagram illustrating methods and equipment used in spraying beet 
leafhoppers under controlled conditions of temperature and relative humidity: 
A, General arrangement of equipment as installed in a constant-temperature 
cabinet; B, intake duct opened for insertion of the cage; C, cage for holding 
10 leafhoppers; D, method of inserting cage in spray duct near its outer end. 
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the spray material was directed into the funnel-shaped intake of the 
apparatus by means of a spray gun. In this way the spray mixed 
with conditioned air was conducted through the cage containing the 
insects and was passed to the outside of the chamber. The gun was 
charged with spray measured directly from a burette, was operated 
with compressed air at 40 pounds’ pressure, and was carefully adjusted 
to atomize 1 ml. of the material in 10 seconds. To aid in maintaining 
uniformity, each spray application was checked with a stop watch. 
Except in the first experiment, when 0.5 ml. was used, the spray 
charge was 1 ml., or, in other words, 1 ml. was applied to each cage of 
insects. The spray gun was carefully adjusted for each of the dif- 
ferent spray mixtures employed so that this quantity could be dis- 
charged in 10 seconds. 

Dust charges were weighed on an analytical balance and were 
applied in the same way as the sprays by means of a special dust 
gun.° The duster was operated with compressed air and was ad- 
justed to deliver a charge of 50 mg. in an interval of about 10 seconds. 

The temperatures in the cabinets were controlled so as to deviate 
from the mean not more than half a degree on the Fahrenheit 
scale, and the relative humidity to deviate not more than about 1 
percent. The blower was operated only during the time required to 
deliver the spray or dust charge so as to avoid affecting temperature 
and humidity in the cabinets by exhausting more conditioned air than 
was necessary to eliminate the excess material. The temperature 
of the spray entering the insect cages was checked with a thermometer 
(fig. 1, A) and also with a small thermocouple. Differences greater 
than 1 or 2 degrees from cabinet temperatures were not detected by 
either method. 

One cage of 10 insects was included in each test, and the treatments 
of any given experiment were tested an equal number of times on 
any given day. The tests were repeated on different days until the 
desired number of replicates was obtained. Mortality counts were 
based on observations made 24 hours after the application of in- 
secticides. This time interval was selected because preliminary tests 
had shown that at temperatures of 60° F., or above, it was sufficient 
to permit any recovery from sublethal dosages. 

Each time the cages were used, they were thoroughly washed in 
warm soapy water to remove spray residues and then were rinsed and 
dried with clean towels. 

Some of the experiments involved the transfer of the leafhoppers 
from one cage to another. This was accomplished by shaking them 
through a celluloid funnel fitted over open ends of the two cages. 
The leafhoppers were prevented from escaping while the funnel was 
substituted for the cap of the cage, and vice versa, by lightly shaking 
them downward. 

The pyrethrum-oil sprays consisted of 1 part of a proprietary 
petroleum extract of pyrethrum to 500 parts of an oil base. The base 
of the sprays used in studies of the effects of temperature and humidity 
consisted of 2 parts of white kerosene to 1 part of oil B (table 1). 
In tests of the effect of different base oils the above mixture and 
kerosene alone were compared with similar mixtures in which oils C 
and D were substituted for oil B. Different proportions of white 


6 HARRIES, F.H. A DUST GUN FOR LABORATORY EXPERIMENTS WITH INSECTICIDES. U.S, Bur. Ent. and 
Plant Quar. ET-180, 2 pp.. illus, 1941. [Processed.] 
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kerosene to oil B were also tested. The pyrethrum-water spray 
contained 1 part of a commerical alcoholic extract to 400 parts of dis- 
tilled water. The dust was mixed from a commercial preparation of 
petroleum extract in diatomaceous earth in the proportion of 1 part of 
this material by weight to 9 of tale. 


TaBLE 1.—Description of oils used in pyrethrum-oil sprays in experiments with the 
beet leafhopper 














Viscosity, Minimum 
Spray oil Gravity, Saybolt |Flash point,| Fire point, | \) culfon- 
Senay A. P.1.1 | Universal, | Cleveland | Cleveland |,.1°4 resid 
at 100° F. ated residue 
Seconds is! os: Percent 
/ Ae nes Se Metbae ea eA Yar ee ae Presa ri oS eee Beebe 96 
MP etre at Pile ne de ie Seb enconhuenntcaue eee 29. 0-33. 0 52-62 260 290 | 90 
DPC eae ane Became wumasenese 29. 5-32. 5 70-80 280 320 | 98 
| i 











1 American Petroleum Institute. 
2 White kerosene. 


All materials were kept under favorable conditions to prevent 
deterioration during the study. An analysis at the end of the period 
showed that there was 0.70 percent of pyrethrin I and 1.17 percent of 
pyrethrin II in the pyrethrum extract used in the oil sprays, 1.04 
percent of pyrethrin I and 1.10 percent of pyrethrin II in the 
impregnated diatomaceous earth used in the dust mixture, and 0.62 
percent of pyrethrin I in the water-spray extract. The percentage of 
pyrethrin II in the water-spray extract could not be determined. 


RESULTS AND DISCUSSION 


EFFECTS OF EXPERIMENTAL TECHNIQUE 


Preliminary experiments were conducted in which the leafhoppers 
were sprayed at five different temperatures with an oil mixture con- 
sisting of two-thirds white kerosene and one-third heavier oil (oil B) 
contaming pyrethrum extract, and with the same oil to which no 
pyrethrum was added. Insects treated with the pyrethrum-oil 
spray were included in two series that were sprayed (1) before being 
placed on the plants and (2) while caged on the beet leaves. In these 
preliminary tests each cage of insects was treated with a spray charge 
of 0.5 ml., or only one-half that used in the later tests. 

The results of these experiments, based on the means of 34 tests 
at 5 temperatures and the same number of comparable checks, are 
shown in table 2. There was a tendency for mortality to be higher at, 
the lower temperatures. A slight decrease in mortality for a drop in 
the temperature from 60° to 50° F. tends to show a reversal of the 
trend, but the occurrence of a considerable number of apparently 
though not actually dead insects at 50° indicated that the observation 
period of 24 hours was not long enough to reflect the full action of the 
spray at this temperature. Death or recovery from the effect of the 
spray was much more rapid at the higher temperatures, as was noted 
by Hartzell and Wilcoxon (6) in the case of rose chafer adults. 

In the unsprayed lots mortality was very low, averaging 3.53 4-0.55 
percent. Since these lots were in the cabinets at the time of the 
spraying operations, the low mortality indicates that there was no 
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important fumigating effect. There was a significantly higher mor- 
tality of 13.06+1.21 percent in the lots sprayed with oil containing 
no pyrethrum, showing that the oil base alone had an insecticidal 
effect. The effect of the oil, however, was small as compared with the 
combined effect of the oil and the pyrethrum, as the latter resulted in 
an average mortality of 42.06+2.08 percent when applied to the 
insects on the plants and 58.06+ 2.16 when applied to the insects first. 
The relative effect of the base oil may be exaggerated in the present 
case since it was necessary to reduce the concentration of pyrethrum 
extract to less than one-tenth that used by Douglass, Wakeland, and 
Gillett (4) in field experiments. 


TABLE 2.— Mortality of beet leafhoppers held at indicated temperatures and 50 percent 
relative humidity both during and after the application of pyrethrum-in-oil spray 
and of oil spray without pyrethrum 





Mortality in— 

















Temperature (° F.) ‘ a“ ‘ 
yrethrum- | Pyrethrum- : 
oil spray ! oil spray ? Oil spray? | Unsprayed 
Percent Percent Percent Percent 
90__- ...-| 38.24+4.31 | 28. 5343.93 9. 41+1. 71 5, 881. 67 
80 wewncncescce-ee--- | 46,764448 | 25. 904-3. 36 5. 59-1. 39 1.76+ .7! 
7... a a ie pale ig eaters ae | 65. 594, 38 48. 24+-4. 86 11. 76+2. 81 3.244 .99 
60__. ae --| 71. 7643. 59 58. 533. 70 20. 883. 21 2. 06+ .91 
50__- ee R Ars én ..| 67.9444. 50 49. 71-4. 43 18. 243. 04 4. 7141, 39 
ne abet for ncsinncaae (P= 
emi ahed gli 12. 43 | 11,92 7. 40 3. 48 





1 Sprayed in cages of siticiieacins before they were placed on plants. 
2 Sprayed in cages of leafhoppers after they were placed on plants. 


A comparison of results for the two groups treated with the 
pyrethrum-oil spray shows a significant difference (16.00+3.00 per- 
cent) that is evidently due to protection afforded by the beet leaf 
during spraying. This fact also indicates that a more nearly standard 
treatment was obtained when the leafhoppers were sprayed before the 
cages were placed on the plants, since the position of the leaf and the 
location of the insects would vary in different containers. 

The effect on insect mortality of spray residues left on the beet 
leaves and in the cages was checked by the following procedure: 50 
empty cages were mounted on plants and treated at room tempera- 
tures of 70° to 80° F. with a spray charge of 1 ml. The cages were 
then removed and placed on fresh or unsprayed leaves, and clean 
cages were placed over the sprayed leaves. Leafhoppers were counted 
into the cages in both series and also into a third series of clean cages 
placed on unsprayed leaves. The insects were then held in a con- 
trolled cabinet at 80° F. and 50 percent relative humidity for 24 hours 
before examination. - The following results were obtained: 


Mortality 

Treatment: (percent) 
Sprayed cages on unsprayed leaves_-_- __- at 52. 6043. 71 
Clean cages over sprayed leaves _ 5x Sora : 4.40+1. 10 
Clean cages over unsprayed leaves_ seo . 38.6041. 23 


Mortality in the sprayed cages was significantly greater than in the 
other two groups, showirg that spray residues in the cages have an 
important effect. A higher mortality was obtained on sprayed leaves 
than on unsprayed leaves, but the difference is not significant. 
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Since it was not convenient to treat all the unsprayed insects with 
the blower apparatus, possible effects of this difference in treatment of 
sprayed and unsprayed insects were checked by a comparison of 
insects exposed to the action of the blower as in spraying with an 
otherwise strictly comparable group that was not so treated. Both 
groups of 50 lots each were held at 80° F. and 50 percent relative 
humidity for 24 hours before examination. The following results 
show no significant effect of the difference in treatment: 


Mortality 

Treatment: (percent) 
Unsprayed insects exposed in blower eee 2. 20+0. 65 
Unsprayed insects not exposed in blower- - - ae -2 2500s: . 57 


EFFECTS OF TEMPERATURE 


A summary of the results of 34 tests each with sprayed and un- 
sprayed groups at 5 temperatures has been given in table 2. Statistical 
evaluation of the results by the method of analysis of variance showed 
that temperature had a highly significant effect on mortality in both 
series of tests of the pyrethrum-oil spray, as well as in the test of the 
base oil containing no pyrethum. A similar analysis of data on the 
unsprayed insects showed no significant effect of temperature on 
mortality. 

A significantly lower mortality at the higher temperature was again 
obtained when a portion of the preceding experiment was repeated. 
These results, based on means of 50 tests at each temperature, are 
given in table 3, together with results of a similar experiment in which 
the spray was applied at the intermediate temperature of 80° F. in 
each test and the insects held for observation at the different tem- 
peratures. 


TABLE 3.—The influence of temperature at 50 percent relative humidity on the mor- 
tality of beet leafhoppers treated with pyrethrum-in-oil spray while caged on 
plants 


TREATED AT DIFFERENT TEMPERATURES AND HELD FOR OBSERVATION AT 
THE SAME TEMPERATURES 


Mortality in 24 hours, of — 

















Temperature (° F.) 
Sprayed Unsprayed 
insects insects 
Percent Percent 
DN ei ue a she ita : |} 20. 00-+2. 23 1. 80+0. 67 
MRS kobe aoe a Be SE Sin Base . . .-| 23.80+2. 46 4.004 .89 
RSE eer Rare a e 42. 00-+3. 52 1.404 .49 
Re Oe : 53. 00+:3. 55 1.80+ .54 
Do acim oy ae mmancs ; ; . 46. 804-3. 93 3. 2041.15 
Difference required for significance (P=0.05) ; eee Ps 9. 20 2. 26 


TREATED AT 80° F. AND HELD FOR OBSERVATION PERIOD AT DIFFERENT 
TEMPERATURES 


Meche a. Rete Ceexsale a oy eee .--| 32.80+2. 76 2. 00-0. 69 
a oles Ce aneaaentinde swe ea sp tiwan . ---| 27.40+3. 52 1.404 .49 
_ ERR eee i . ----------| 40:8023.10 1.40+ .63 
, Need ees cE a stabi ; : --| 54, 80+3.30 1,40+ .57 
a SR aS reece en A diate soe ia ...---| 53.0043. 31 | 804 .48 





Difference required for significance (P=0.05) __- | 9.29 | 1.66 
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The similarity of the two sets of data in table 3 indicated that the 
lower mortality observed at higher temperatures was more closely 
associated with the temperature during the period of observation 
than with that prevailing at the time of spray application. Accord- 
ingly, it seemed that this lower mortality might be due largely to the 
effects of temperature upon the physiology of the sprayed insects 
rather than to its effect on the physical character and mode of action 
of the spray. 

The effect of temperatures prevailing at the actual time of spray 
application was tested more directly by spraying leafhoppers at dif- 
ferent temperatures and humidities and immediately transferring 
them all to clean cages held at 80° F. and 50 percent relative hu- 
midity. The transfer was accomplished in about 30 seconds. The 
results of 50 tests at each temperature as summarized in table 4 show 
that a significantly higher mortality of leafhoppers was obtained at 
100° than at 60° F. This is an effect directly opposite to that pro- 
duced when the insects were held at different temperatures after 
spraying. 

In a later experiment the insects were sprayed at room tempera- 
ture (70° to 80° F.) before they were placed on plants in clean cages 
and held for observation at different temperatures and humidities. 
The insects were transferred to clean cages within 10 seconds after 
being sprayed. This precaution was taken in order to eliminate the 
possible influence of spray residues. The effect of spray residues was 
also studied under the different conditions by placing unsprayed in- 


sects in sprayed cages. The results of 50 tests under each condition 
are summarized in table 5. 


TaBLE 4.—Mortality of beet leafhoppers sprayed with pyrethrum-in-oil at dif- 
ferent temperatures and relative humidities and held for observation at 80° F. 
and 50 percent relative humidity 

















Conditions during spraying 
ey in 
ae . ; | Relative 24 hours 
Temperature (° F.) | humidity 
Percent Percent 
ES ee eer Pee ee ate PSD A EL a ea ee 80 69. 80-2. 84 
_ Ree EEN Boe ERENT meres geo 20 | 70. 60-2. 63 
| See ee DiivGewkesunkoncdnessokmace ES Et es 80 53. 40+2. 85 
DE i Genta coma eaieetiawideurenkaatmiiee« Se atin ance haarcimcmiedib arcuate ama ce ioe 20 53. 00+2. 81 
Difference required for significance (P=0.05)_...............---2-2-2-}-- eee eee eee 7.98 











TaBLE 5.—Mortality of beet leafhoppers sprayed with pyrethrum-in-oil at room 
temperatures and held in clean cages under several conditions of temperature and 
humidity, and mortality when unsprayed but held in sprayed cages 

oe ee ee re 

Conditions after spraying | 





Mortality of— 























| Relative Sprayed Unsprayed | Unsprayed 

Temperature (° F.) | humidity | imsects in insects in insects in 

oe Y | clean cages |sprayed cages| clean cages 

Percent Percent Percent Percent 
Dn edbscanonscacecus 80 | 28.80+3.21 | 15.60+1.94 5. 80-1. 20 
a ABest Sd BURL ein wepaes wahoo dawee San ne 20 35. 6043.13 | 12.00+2. 22 11. 00+1. 88 
ie ee See ee as) cle cee ack kia beiws wenwed 80 65. 60-2. 40 18. 40+2. 58 80+ .48 
60... 20 | 81.40+2.00 | 28.6043. 46 | 1.604 .71 
| —— 
Differen required for significance | 
>_> Aaa is epee cea a 
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The data show that a highly significant increase in mortality of 
the treated insects also occurred at the lower temperature when the 
factor of spray residues in the cages was eliminated. Mortality of 
unsprayed insects placed in sprayed cages was significantly greater 
in most cases than in the corresponding checks, and the analysis of 
variance shows a highly significant influence of temperature on the 
toxic effect of the residues. 

In view of the foregoing results, the efficiency of pyrethrum sprays 
in the field appears to depend to a considerable extent upon the time 
of application with respect to the diurnal temperature gradient. It 
is concluded that, other conditions being favorable, the best time for 
spraying is during the late afternoon or evening when temperatures 
are relatively high and are followed by lower temperatures during 
the night. Temperatures during and following morning applica- 
tions are not so favorable, as they are relatively low in the early 
morning and rise during the day. The rate of decline in temperature 
after application should also be important. 


EFFECTS OF HUMIDITY 


The experiment summarized in table 4 demonstrated that there 
was no appreciable difference in the mortality of leafhoppers sprayed 
at 80 percent relative humidity and that of those sprayed at 20 per- 
cent. This indicates that the effectiveness of pyrethrum spray is 
not materially influenced by the relative humidity existing at the 
time of application. 

Studies of the effect of temperature and humidity following appli- 
cation of the spray showed an appreciably greater kill at the lower 
humidity at both temperature extremes (table 5), and the analysis 
of variance shows a highly significant effect of moisture with no evi- 
dence of an interaction or significant difference in the relative influ- 
ence of humidity under different temperatures. In these tests the 
possible influence of spray residues was excluded by transferring the 
Insects to clean cages before they were placed under the different 
controlled conditions. 

Further studies of the effect of the pyrethrum-oil spray under dif- 
ferent conditions of relative humidity were conducted by treating the 
leafhoppers at a series of different humidities at the same tempera- 
ture in one experiment and at high and low humidities at two tem- 
peratures in another experiment. A total of 50 tests was made at 
each humidity in the first experiment and 100 tests at each condition 
of temperature and humidity in the second. Insects in both experi- 
ments were sprayed while caged on the plants at different humidities 
and were held under these same humidities during the 24-hour ob- 
servation period. 

An analysis of variance of the results given in table 6 shows a 
highly significant influence of relative humidity, there being a pro- 
gressive increase in mortality with successively lower humidities. 
This effect of moisture appears relatively less pronounced than that 
of temperature shown in previous experiments, since a difference of 
only 12.40 percent mortality occurred under the extreme conditions 
of 10 and 90 percent relative humidity. The influence of humidity 
was more in evidence at 60° F. than at 100°. The results also sup- 


ported those of previous experiments by showing a higher mortality 
at 60° than at 100°. 
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TABLE 6.— Mortality of beet leafhoppers caged on plants at different relative humid- 
ities and temperatures during and after the application of pyrethrum in oil 


Mortality of- 





a : DOS eases a ae 
Temperature (° F.) | Aten, 
humidity Sprayed Unsprayed 
insects | insects 
Percent Percent Percent 
10 88. 80+ 1. 66 1. 20-+0. 69 
30 86. 40+1. 78 1.20+ .46 
100 Poot Ele Tiree © ea FASS, Sa ao OES ee ie 50 86. 20+1. 87 1.00+ .42 
70 81. 40+2. 23 2. 60+ .89 
90 | 76.4042. 77 1, 20+ . 54 
6.03 1.78 
100 20 | 87.4041.49 | 6. 20-40.86 
100 80 86. 90-+1. 16 6.304 .95 
60 20 96. 90+ . 56 6. 1041. 46 
60 80 l: 93. 00+ 1. 02 5. 00+ .88 





3. 12 3. 00 


EFFECTS OF THE BASE OIL ON TOXICITY OF PYRETHRUM-OIL SPRAYS AT 
HIGH TEMPERATURES 


The effect of differences in the ratio of kerosene to the heavier oil 
(oil B) in spray mixtures was studied by spraying the leafhoppers, in 
the absence of plants, at room temperatures of 70° to 80° F. and trans- 
ferring them immediately to clean cages on plants in a cabinet main- 
tained at 100° F. and 50 percent relative humidity. Sixty-four 
replicates were made of each treatment. As shown in table 7, there 
was a slight but progressive increase in mortality with the mixtures 


TABLE 7.—Mortality of sprayed beet leafhoppers as influenced by the proportion of 
kerosene in the spray mixture 


Mortality of insects sprayed 
with oil mixture— 











Ratio_of kerosene to oil B 3 : 
Containing Not al 
pyrethrum pyrethrum 
| Percent Percent 
3. ! (DEOL ETS sei gucieieatoie 50. 47+-:2. 64 24, 53+-2. 39 
Ne et ess hn kemonamadcewas atimaitcuenias| . ae oe 29. 694-2. 78 
Eee ES ins ESE SASS a nie: Se eae Dye T RARE ae ESR ea ea ears See | 59. 844-2. 58 19. 694-2. 01 





Difference required for significance (P=0.05)_.....-...--. 2 eee] 7. 68 6.88 


containing pyrethrum as the ratio of kerosene to heavier oil increased. 
Data on the relative effect of the same oil mixtures containing no 
pyrethum fail to show this trend. 

The following results, based on 64 replicates, were obtained when 
pyrethrum extract was used in a base of white kerosene and with 
different summer spray oils in the proportion of 2 parts of kerosene 
to 1 part of the heavier oil: 


Mortali 

Type of oil mixed with white kerosene: paonee f 
None (kerosene alone) ___--- Teiess [te Ao ane _.. 59, 2242. 95 
eee i 3 2 vonce. Se BTR. OF 
REESE PORN Ge? Meee aaeaaeen SEES nie Coe e aie ean aceon Some Oe 
ND ie eee. Bets eee a a he Srl cD eet Cares 40. 47+ 2. 43 


Difference required for significance (P=0.05)_-_.___-_ © 7. 63 
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The conditions of the experiment were the same as those described 
for the preceding experiment. There was a mortality of 8.13+1.51 
among comparable unsprayed insects. These data show greater 
differences than those included in table 7 and suggest the same trend 
since the spray with the kerosene base was most effective and that 
containing the heaviest oil was the least effective. Since in these 
tests at 100° F. the pyrethrum extract was more effective in the lighter- 
base oils, the efficiency of pyrethrum-oil sprays evidently cannot be 
a at higher temperatures by using heavier or more viscous 
oils. 


EFFECTS OF TEMPERATURE AND HUMIDITY ON THE INSECTICIDAL ACTION OF 
PYRETHRUM EXTRACT APPLIED IN A WATER SPRAY 


Because of the important influence of temperature on the toxic 
action of pyrethrins shown in studies of pyrethrum-oil sprays, tests 
were conducted to determine whether the effects of temperature 
would be similar with pyrethrum-water sprays. The leafhoppers, in 
the absence of plants, were sprayed at room temperatures of 70° to 
80° F. and immediately transferred to different conditions of tempera- 
ture and humidity. As a check, comparable treatments were made 
with distilled water instead of the pyrethrum-water mixture. 

Results obtained in 50 replicates of this experiment are summarized 
in table 8. As was found in similar tests with pyrethrum-oil sprays, 
these data show a much greater mortality at the lower temperature 
than at the higher one. Differences in atmospheric moisture had no 
significant effect. There was no appreciable mortality in the water- 
sprayed checks. Possible contributing effects of spray residues in 
the cages were checked by additional tests in which some of the in- 
sects were transferred to clean cages immediately after the spraying. 
The mortality was 19.80+2.20 percent among the insects transferred 
to clean cages and 30.80+2.81 percent among those not transferred. 
Among comparable unsprayed insects the mortality was 5.60+1.55 
and 5.60+1.10. 


TaBLE 8.—Mortality of beet leafhoppers sprayed with pyrethrum extract in water 
under room conditions and held at different temperatures and humidities during 
the observation period 














Conditions after treatment Mortality in— 

iseviaade , (OR | Relative | Pyrethrum- | Water spray 

Temperature (°F.) | humidity | water spray | (check) 

Percent Percent Percent 
100___. 80 24. 204-2. 52 | 5. 40-1. 33 
100. 20 | 20.0042.32 |) 4.404 .99 
. a 80 77. 80-1. 88 | 1.00+ .51 
ee 20 82. 40-+1. 82 1.604 .65 

Difference required for significance (P=0. 05) | 6.18 2. 66 





EFFECTS OF TEMPERATURE AND HUMIDITY ON TOXICITY OF 
PYRETHRUM EXTRACT APPLIED AS A DUST 


Some additional tests were conducted to determine whether tem- 
perature would have an effect on toxicity of pyrethrum extracts 
applied in dust form similar to that of pyrethrum extracts applied as 
a spray. The leafhoppers were treated with a charge of 50 mg. of 
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dust at room temperatures (70° to 80° F.) and were transferred im- 
mediately to clean cages and placed on the plants under different 
conditions of temperature and humidity. Comparable check lots of 
insects were dusted with tale alone. 

Results of the tests given in table 9 show a marked increase in in- 
secticidal effect at lower temperatures, similar to that in the case of 
the sprays. Analysis of the data shows a highly significant effect of 
temperature but no significant effect of relative humidity or of an 
interaction of temperature and moisture factors. Data on the checks 
dusted with tale show no significant effect of temperature or humidity. 





TABLE 9.—Effects of pyrethrum extract on beet leafhoppers when it was applied in a 
dust under room conditions and the insects were held at different temperatures and 
humidities during an observation period of 24 hours 





Conditions after treatment | Mortality pad application 




















r _ Relative Pyrethrum- : . 
Temperature (°F.) | humidity talo dust Tale dust 
| Percent Percent Percent 
100_- | 80 32. 60+2. 71 4. 2041. 10 
100_. | 20 37. 802-3. 09 4. 60+1. 14 
60___- “ 80 92. 002-1. 17 8. 00+1. 44 
__ RRA ns 2 Penne SAR eet ar ee 20 88. 4041.75 | 5. 20+1. 14 
Difference required for significance (??=0.05) 6. 62 3. 48 





SUMMARY 


Effects of temperature and humidity on the insecticidal action of 
pyrethrum extracts against the beet leafhopper (Eutettir tenellus 
(Bak.)) were studied in laboratory tests under controlled conditions. 
The insecticides were applied by placing the leafhoppers in screen- 
capped, cylindrical cages enclosed in a tubular air duct through which 
uniform charges of spray or dust materials were passed by means of 
an electric blower. 

The effect of temperature was studied under the following con- 
ditions: When the leafhoppers were (1) sprayed with pyrethrum 
extract in oil at different temperatures and then held for 24 hours at 
these same temperatures, (2) sprayed at a common temperature and 
then held at different temperatures, (3) sprayed at different tempera- 
tures and all held at 80° F., and (4) sprayed in one set of cages and 
immediately transferred to clean cages to eliminate effects of spray 
residues left on the cage. These tests showed that the mortality of 
leafhoppers sprayed with pyrethrum in oil could be increased by 
raising the temperature at the time of application but could be in- 
creased to a greater extent by lowering it after application. 

As a practical application of these findings, it may be inferred that 
the best results in control would be obtained by treatments made in the 
late afternoon, which would naturally be followed by lower tem- 
peratures at night. 

Mortality was higher among the insects held at the lower percent- 
ages of relative humidity for the observation period, but the effect of 
humidity was much less pronounced than that of temperature. 
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In a series of tests on the effect of the oil base of the pyrethrum-oil 
spray it was found that greater efficiency was obtained with the 
lighter oils, that with kerosene alone being the highest. 

Tests of a pyrethrum-water spray showed a greater efficiency at 
the lower holding temperature, with no significant effect of humidity. 

The effect of pyrethrum when applied as a dust was similar to that 
when applied as a spray, in that it was most effective at the lower 
temperatures. Variations in humidity caused no significant changes 
in the efficiency of the dust. 


LITERATURE CITED 
(1) Bérrcuer, F. K. 
1938. UNTERSUCHUNGEN UBER DEN EINFLUSS VON PFLANZENSCHUTZ- 
MITTELN AUF DIE BIENEN. III. TEIL: DIE WIRKUNG VON PY- 

RETHRUM AUF DIE BIENEN. Ztschr. f. Angew. Ent. 25:[419]—441, 


illus. 
(2) CamMpBELL, L. W. 
1937. EXPERIMENTS TO CONTROL SUGAR BEET LEAFHOPPER, 1936. Jour. 
Econ. Ent. 30: 687-688. 
(3) CHEVALIER, J. 
1930. LE PYRETHRE (CHRYSANTHEME INSECTICIDE). ACTIVITE PHARMA- 
CODYNAMIQUE ET THERAPEUTIQUE. Bul. des Sci. Pharmacol. 
37: 154-165. 
(4) Dovuatass, J. R., WAKELAND, C., and Giuuert, J. A. 
1939. FIELD EXPERIMENTS FOR CONTROL OF THE BEET LEAFHOPPER IN 
IDAHO, 1936-37. Jour. Econ. Ent. 32: 69-78, illus. 
(5) Fiemine, W. E. 
1933. CONTACT SPRAYS FOR THE JAPANESE BEETLE. U.S. Dept. Agr. Cir. 
280, 4 pp. 
(6) Harrzey, A., and Witcoxon, F. 
1932. SOME FACTORS AFFECTING THE EFFICIENCY OF CONTACT INSECTICIDES. 
II. CHEMICAL AND TOXICOLOGICAL STUDIES OF PYRETHRUM. Boyce 
Thompson Inst. Contrib. 4: 107-117, illus. 
(7) Romney, V. E. 
1943. THE BEET LEAFHOPPER AND ITS CONTROL ON BEETS GROWN FOR SEED 
IN ARIZONA AND NEW MEXIco. U.S. Dept. Agr. Tech. Bul. 855, 
24 pp., illus. 


U.S. GOVERNMENT PRINTING OFFICE: 1948 









































Page Page 
Aceratagallia sanguinolenta. See Clover leaf- Atmospheres, storage, of low oxygen content, 
hopper. effect on retention of carotene in alfalfa. 
phe, 4s a effect on concentration of E. J. Hoffman, Funston G. Lum, and A. 
rtain viruses in cabbage. Glenn 8. Pound L. Pitman... 361-373 
poe J.C. Walker Beate guashor tise susatak 
ALBERT, A. R., and Larson, R. H.: Phiyal Balsam-pear, mycosphaerella black rot, 
ological Internal Necrosis of Potato Tubers symptoms. 198 
|S PaaS hag ee Citas 487-505 pepe es 
Aleurites fordi. See Tung root zone, soil-water tensions at Yuma 
Alfalfa— Field Station, Calif_................-... 
carotene retention in storage eye oh smuts, physiologic races— 
of low oxygen content. . t 41-57 
Funston G. Lum, and A, L "oe _. 361-373 pathogenicity _.___ 53-55 
meal, stored, carotene retention in atmos- Beet enna + and insecticidal action of py- 
pheres of low oxygen content._......._. 361-373 | rethrum extracts ge? factors affecting. 
root zone, soil-water tensions at— . H. Harries, J. D. DeCoursey, and R. N. 
Huntley Field Station, Mont._......... 379-382 | _Hofmaster 
Scotts Bluff Field Station, Nebr._...... 385-386 | Beet. See also Sugar bect; Sugar beets. 
Anastri Beltsville, Ma. See Maryland, Beltsville. 


epha ludens— 
action of repellent spray against_........- 
trap catches in unsprayed— 
and sprayed mango cmd comparison... 416-419 
trees, effect of time of day--........---- 19-421 
Anioam excretion by coe. effect of castra- 





removal of— 
bad acetate from, value of different 
ethylene from, value of different mate- 
rials. 304-312 





vapors— 
absorption, experiments. :............ 
: as of ethylene from, methods. . 
volati' 
measurement methods..............-..- 
measurements 
production— 
after removal from storage__.......... 
ininonee of maturity and ripe-apple 


vapors 
influence of storage temperatures. _.-. 285-287 
removal from atmosphere, experiments. 297-313 
Apples— 
emanations, organic, removal from_sur- 
rounding atmosphere. Franklin W: 
burg Southwick .........-.......-.-..-. 
Menem. vapors from, absorption ability 
of o 
respiration rate after removal from storage. 
ripening agent, removal from emanations, 
value of different materials. ............ 304-3 


torage— 
respiration rate, factors affecting, experi- 
oO RUSE OE, RE NE 
temperatures, influence on rate of 
volatile production ‘Ciuduieeanbaahndd 285- 
stored, organic emanations, removal from 
atmosphere— 








____ IEE PEIREAS RIES ORD oer Bee? 1-312 
surrounding. Franklin Wallburg 
Bopmthwiek 2.2.22 050 8 eee cece sce 297-314 
volatile productions, measurements. 
Franklin Wallburg Southwick ......._.- 279-295 
Armyworm, southern— 
blood cells, differential counts_........... 16-17 
Prodenia cama blood picture. J. 
Franklin Yeager 1-40 
, Variations at different stages of me 
le cycle. 
sensi oe as piration rate of 
rsenate spray, ¢: on res ion 
Florida-grown grapefruit .........-.-..-..- 


Atmosphere storage, surrounding apples, 
removal of organic emanations from. 
Franklin Wallburg Southwick.-.......... 


683428—46, 


353. | Bunt (Tilletia caries), inheritance in 





Bentonite-oil suspension, influence on film 
formation and structure in emulsions. 231, 249-25r 

Beta vulgaris, See Sugar beets. 

BEVER, WAYNE M.: By and O nigr and 








Genetics in Ustilago hordei and U. nigra... 41-59 
Blackstrap molasses, tolerance of lambs. 
H. M. Briggs and V. G. Heller-...-_...... 81-87 
Blood— 
cells of Prodenia eridania, classification... 
picture of southern armyworm (Prodenia 
eridania). J. Franklin Yeager_.-....._-. 
Blue mold of tobacco. See Tobacco blue 
mold. 
— Crci T., and GRANDSTAFF, JAMES 
; Evaluating’ Fleece Mad of Navajo 
Sheep from Small 8 183-192" 
Boars— 
C+ line, excretion of androgenic substances 
before and after castration.............- 514 
fall-farrowed, 17-ketosteroid excretion by 
age and line of cn Pa aS Cia a 511 
17-ketosteroid excretion— 
effect of line of breeding................- 5138-514 
experiments, results. ............------- 508-514 
ort to— 
Govcdheeresss 508-512, 614-515 
io heiihdenimaaeat Coe, 514-515 
oy syd excretion. . - 512-513 
SwGy MONON 2.5 =n nite n wn pe 
sexual Laerhen, relation to 17-ketosteroid 
COT OUNN ae eon 8o55 sh inten ena 515-516 
spring-farrowed, 17-ketosteroid excretion, 
by age and line of breeding-........-__- 510 
urinary, 17-ketosteroid excretion. Ww. W. 
Green and L. Witte oe 507-517 
urine excretion, relation ey 17-ketosteroid 
GNNNN 5222s se shtsshstesscsesttsc 512-513 


Bordeaux mixture Mg effects on trans- 
potion responses of Persian walnuts and 
P. W. Miller and C. E. Schuster. 465-469 
Brassica elpretes var. gemmifera, reaction to 
264, 273-276. 
Brices, | te NN, and EL ging ery ALI A.: 
Inheritance of Resistance to Bun’ 
in Hybrids with ihurkey Wheat 
«Seleotions C. I. 10015 and 10016.-......... 
my M., and HELLER, V. Mu Toler- 
of Lambs for Blackstrap Molasses... 
essed tet rot of tobacco, relation to soil 
organic matter, biochemical study. E.D. is 


Brussels sprouts, reaction tocabbage viruses. _264,. 





403-413; 
81-87- 





brids 
with Turkey wheat selections C. I T 10018 
and 10016. Ai A. El Khishen and Fred 


. Briggs. 403-422: 





1 











2 INDEX 
Page Page 
Cabbage— Citrus peti, 20m ee 
black ring v after harvest. 


don effect of air temperature. 480-481, 


production of immunity against virus A. 268-270 
reaction at various temperatures_.__._.. 256-276 
host immunity reactions to crucifer viruses 266-267, 


273- 
inoculation with mosaic from field plants 
in air temperature study____.........--- 47 
leaves, healthy and mosaic-infected, mois- 
ture content: at 16° and 28° C 
mildew, infection spread and development 
in field 
mosaic— 
symptoms, seasonal gern x relation 
to environment. ._...__.. 472, 478, 481, 482 
virus B, reaction of ‘asia een delpoud 266-267 
viruses— 
concentration, effect of air tempera- 


ture, study methods.-_____.-..-.-.-- 71-472 
concentration, effect of air tempera- 
ture, study results..._......-..--.-- 72-483 


esults 
differentiation by use of temperature 
and host immunity reactions 
reaction to crucifer viru: 
seedlings— 
infection by mildew— 
conidia, experiments 454-460 
oospores, soil-borne, experiments. 460, 461-462 
Stady methods oui. - 5-5-0 50se5 she -. 453 
systemic invasion Be downy mildew 
fungus. F. J. LeBea 
virus A— 
concentration, effect of air temperature 
and day length, experiments____._._.- 471-484 
immunity against by black ring virus.. 268-270 
reaction at various temperatures i Re. 256-276 
virus B— 
ee effect of air temperatures, Pe 








produetion of specific immunity against 
cauliflower mosaic virus 


reaction at different temperatures_...... 256-276 
viruses— 
concentration, effect of air temperature. 
Glenn 8. Pound and J.C, Walker....- 471, 485 
effect of air temperatures— 
photoperiod relations. _..........-.--- 477-478 
° — tests with tobacco......... 476-477 
annin 


pumpin varieties, composition differ- nal 
squesh varieties, composition differences.. 130-134 
Carotene— 





content of alfalfa meal— 
Geter MinetiOn « - . 5 cake asp edonnonne 366-367 
wo x variations in atmospheric ae 
en i. ‘to alfalfa stored in atmospheres 
of low oxygen content, E. J. Hoffman, 
Funston Lim ahs 4, L. Pitman..-.. 361-373 
Carya pp. See Peca: 
me ion, podichags effect on androgen secre- oe 
tion __- a 
Cauliflower— 
mosaic virus— 
immunity against produced by cabbage 
WE MCs chen naicennetasaddenc<saree 270 
reaction of various hosts to... _..-..-.-.- 266-267 
virus, combination with turnip virus in 
cabbage, reaction to air temperature_.--. 471-484 
Ceric sulfate— 
—~ influence of time and tempera- 
use in geet iar tr of ethyl acetate... .....-.-- 282- 
Charcoal, activated, adsorptive capacity for 
apple emanations. Peele RE 303-304, , 312-313 


ae a jhaerella black rot, symptoms. 197 


Citrullus ou See Watermelon. 
Citrus— 
limonia, See Lemons. 
paradise, See Grapefruit. 
sinenses, Oranges. 


5 ag Dean H. Rose, 
J. M. Lutz, and Paul L . Harding. 

heat, computation. - __ 340-342, 
rate, effects of ethylene treatments....._.__- 


temperature coefficients _-_......2.--..__. 
OLAyTON, Epwarp E., and GaINnEs, JOHN G.: 
Temperature in Relation to Development 





and Control of Blue Mold (Peronospora 
tabacina) of heerents 171-182 
Clover leafhoppe' 
association with S naiior dwarf of potato..... 443, 
449-450 
447-448 


counts on potato varieties. _.........-.... 
Corn— 


0 
plants, leaf-clipped and defruited, stalks, 
ether extracts, effect on growth of "Diplodia oa 


zeae 
resistance to stalk rot— 

















discussion . - 104-108 
experiments 91-104 
study, materials and methods....-..--.-- 89-91 
Cornstalks— 

ye ro extract, effect on growth of age 
91-95, 97-99 

eapeened juice, effect on growth of Diplodia 
MOE cicriban ait 99-103 

inoculation with Diplodia zeae, experi- 
ments. _ 103-104 





soluble substance retardin growth of 
Diplodia zeae in culture. elen Johann 
and Allan D. Dickson.................-. 89-110 
Corylus avellana, sprayed with bordeaux 
mixture, transpiration responses---_.....- 
Cotton root zone, soil-water tensions at 
Bard, Calif 


Crucifer— 
mosaic viruses, properties and host range, 
COMPARE isi. RA 73-276 
viruses, differentiation by use of tempera- 
ture and host immunity reactions. 
Glenn S. Pound and J. C. Walker_....-. 255-278 
Cucumber, mycosphaerella black rot— 
| RAS ESSE TS aE RETR eB 193-211 
BPMCOMB. a i RL 196-197 


Cucumbers, decay at market, importance... 194-195 
Cucurbita— 


fruits— 
age, effect on weight and chemical con- 
MUD wv opiccesncaasasassacs 116-120, 124-129 
canned— 
action on tin containers___...........- 134 
palatability of immature materials... 134 
ratings based on color, flavor, and 
CMB 25. Se Lets 130-134 
chemical constituents— ° 
relation to age___..-..--...-.. 116-120, 124-129 
variations by varieties........ 113-116, 120-124 
composition— 
factors affecting. .........-..........,. 113-116 
study materials and methods_--...... 111-113 
culinary use, relation to composition... 129-134 
weight, relation to age.........-.-.--..- 116 


varieties— 
ruits, composition, differences at differ- 
ent ages in relation to culinary use 
C. W. Culpepper and H. H. Moon... 111-137 
rating based on content of chemical con- : 








WB s ccc cscdcccccsmrasttely 124 
Cucurbits— 
decay on market..................---...-. 194-196 
— caused ~ Mycosphaerella citrul- 
ed dbeakheabes tue blaneckdessuage enn we 193-194 
mycosphaarla bi black rot— 
ames \ sdhah aa pravapugedelesnoealpae 193-229 
OOM coccccslt Cie sau able. 210 
thogen— 
development in culture............-.- 203-206 
development on fruits __. -- 199-203 
identification. ............ .. 26- 
symptoms........... Je IT 196-198 
Cucumis’ sativus, decay at market, im- 
POTCAMCD:s ca cccsepececves LOS 104-195 














Sr ine 


% 


oor 


ee aa ee: 











CuLrerrER, C. W., and Moon, H. H.: 
Differences in the Composition of the 
Fruits of Cucurbita Varieties # 4 eaten 


ons in Relation to Culinary Use__...__.- 111-137 
oplasmic inheritance of at males abaciiiey 
sugar beets. F. V. Owen.............. 423-440 


Day— 
hengih, effects on activity of cabbage virus 


A alone and in combination with virus B_ 477-478 


time of, effect on trap catches of Anastrepha 


ludens in unsprayed trees........-.....- 4 


DeCoursEy, J. D., Harriss, F. H., and 
HoOFMASTER, R. N.: Some Factors Affect- 
ing the Insecticidal Action of Pyrethrum 
Extracts on the Beet Leafhopper 

Dendrol, film formation and_ structure, 
microscopic WI eee niin satln ot cacnese ke 

Derris elliptica— 


root, rotenone in, location and_ state. 
Francis A. Gunther and Franklin M. 
con, ERE pais abil illesdetas SePNE eee 


rotenone cells, Jocation...............- 62-66, Eg 


saponins, analyses. _..........-...---...- 
starch cells, location ..............--.----- 
sugars and other reducing substances, 

characteristics ..-.. 222-2... eee 


, 76 
tannin cells, location..........-.-.-...-.- 67-68, 75 


Derris resin, characterization as oleo resin -- 
Dickson, ALLAN D., and JOHANN, HELEN: 
A Soluble Substance in Cornstalks That 
—— Growth of Diplodia zeae in Cul- 
Diplodia stalk rot— 
yoo & induced in corn, spread and 
resistance in corn, experiments-_......._._- 
Diplodia zeae, growth in culture, retarda- 
tion by soluble substance in cornstalks. 
Helen Johann and Allan D. Dickson... .- 
Downy. mildew aa systemic invasion 


bage seedlings. F.J. LeBcau_..:.... 4 
— pyrethrum, toxicity to beet leafhop- 
r, tests 563-564 


Ex KHISHEN, ALI A., and BricGs, FRED N.: 
Inheritance of Resistance to Bunt (Tille- 
tia caries) in Hybrids with Turkey Wheat 
Selections C. I. 10015 and 10016 

mbryology of tung tree. Lewis P. 


ann 
ERRINGTON, Pau L., and Scort, THOMAS 
G.: Reduction in Productivity of Musk- 
rat Pelts on anew’. March through Dep- 
redations of Red F ‘oxes 
Ether extracts from cornstalks, effect on 
rove th of Diplodia zeae............-.. 91 
* Et tate— 
ateanptive capacity of some oils__......... 
vapors from apples, absorption by oils, 
SW OMEIBMOIOLE «5 oc nn ncacsaceceesictsann 
with ceric sulfate, oxidation, influence of 


time and temperature CUnhwan uewonseeuae 282: 


Ethylene— 
removal from apple— 
emanations, value of different materials. 
vapors, methods 
treatments, effects on respiration we of 
citrus fruits, investigations__-_. 
Eutettix tenellus, insecticidal action A pyre- 
thrum extracts against, factors affecting - .. 
Extracts, pyrethrum, insecticidal action 
gprieet O beet leafhoppers, factors Com eo 
. H.. Harries, J. De Coursey, and R 
N. Hofmaster. 


Fat digestion by lambs, influence of black- 
strap molasses 
_ Irma M,: Film om and 
ructure of Some Oil Em Msiisarssi 
Fiber digestion by lambs, ieee of black- 
Strap molasses..................-..-..-..+ 





231, 243 
FORE CRE Fo ita nse bigs -dnewl 70-72, 73, 76 


95, 97-99 


2-348, 353-354 


INDEX 3 





Page 


89-110 


137-148 


804-312 
300 
553-565 


"553-565 


Page 


Filberts, transpiration response when 


sprayed with bordeaux mixture. P. W. 


iller and C, E. Schuster................ 465-469 
leece— 
quality— 
areas poaviding dest index. cscs ce ceius 187-190 
evaluation— 
experimental results.................- 185-191 
EER SE, EI 184-185 
Navajo shee by SreneeR. from —_ 
pes les. . Grandstaff and 
xs Sian san eriiatiy supine bens eRudieio oelad’ 183-192 
poet 108 GURUS sci sini cite wdedet 186-190 
Foxes, — 


depredations on Iowa marsh, cause of re- 
duction in muskrat pelt production. 
Paul L. Errington and Thomas G 


BOOT santo stim dns shine = ghivaing cba uisdinds 137-148 
predation upon muskrats in Iowa,~Wall 
Lake area— 
anal “.. ili ws cash ik eh bietaphaaeee <iclsts < lois baated 145-146 
CD BEY on cen nnnvansvisitlidunbasbunck 141-144 
Free Mulsion, ‘iim formation and structure, 
microscopic study. ..........---...-.-.--. 244, 246 


Fruitfly, Mexican— 
action of repellent spray against. Dear 
Fc, BURN ativan ~idcmasnca ayo he osiiedvkedaie 
See also Anastrepha ludens. 
Furr, J. R., and Reeve, J. B.: Range of 
Soil-Moisture Percentages throu Wilting ow 
Plants Undergo Permanent iltin, 
Some Soils from Semiarid Irrigated cone 149-170 


One, JoHN G., and CLAYTON, EDWARD 
: ‘Temperature in Relation to Develop- 
ama and Control of Blue Mold (Perono- 
spora tabacina) of Tobaceo...-......--.--- 171-182 
Genes for sex, shape, and weight, interaction 
in watermelon. Charles F. Poole and Paul 
C. Grimball 


Genetics in Ustilago hordei and U. nigra. 


Wayne M. Bever. 2552.05.20. S22 vc... 41-59 
Gibberella spp., growth in culture, effect of 
ether extract of cornstalks, experiments... 95-97 


Gourd, » Sane mycosphaerella black rot, 
ITI i ssi eather icin sie dnsinins: serie get 
Guawberarr, JaMEs O., and BLUNN, CECIL 
: Evaluating Fleece Quality of Navajo 
fieap from Small Samples----.......-... 183-192 
Ta 
Califia respiration rate, effects of tem- 


rature. 
Florida, respiration rate, effects of— 
OPOCNND SOLON. - fais siech cis eviieals- 353 
ethylene treatments. .--........ 346-347, 353-354 
temperature, and other factors__...-_.-- 334-336 
GREEN, W. W., and Winters, L. M.: Uri- 
nary 17-Ketosteroid Excretion by Boars.- 507-517 
Gapmnals.. PaUvt C., and Poo.e, CHARLES 
F.: Interaction of Sex, Shape, and Weight 
Genes in Watermelon. ---.....2_.-.----.- 533-552 
GUNTHER, FRANcIS A., and Peron 
FRANKLIN M.: The Location and State of 
Rotenone in the Root of Derris elliptica.. 61-79 


HAAR M. H., Rosk, DEAN H., Lvurz, J. 
. and HARDING, Paut L.: Respiration 

- Citrus Fruits after Harvest ........... 327-850 
HARDING, Pavt L., gree M. H., Ross, 

DEAN H., and Lutz, J 

Citrus Fruits after Harvest SAYS POA Lee 327-359 
Harrigs, F. H Oe ory J. D., and 

eee hice. R. N.; Some Factors Affect- 

ing the Insecticidal Action of Pyrethrum 

Extracts on the ne 0) 
HELLER, V. G., and Brieas, H. M.: ~ = 98 

ance of Lambs for Bintan Molasses... 81-87 
Hemocy' 

mien in southern armyworm, study..... 17-18 

of Prodenia eridania, studies._..-......... 1-40 
HorrMan, E. J., Lum, Funston G., and 

Pirman, A. L.: — of Carotene in 

Alfalfa Stored in Atmospheres of Low 








Oxygen Content.:.......0..2.00-22.2..-28 361-373 





















4 INDEX 


Page 
HorMaster, R. N., HARRIES, F. H., and 
De Coursey, J. D.: Some Factors Affect- 
ing the Insecticidal Action of Pyrethrum . 





Page 


Male-sterility, cytoplasmic inheritance in 
sugar beets. F. V. Owen 


Mangoes, protection ainst Mexican fruit- 
Extracts on the Beet Leafhopper_........ 553-565 fly. — of Tuoliett seas cen « eFdeh ss 
p> ah tivity, reduction ‘through deseetctioes 
vty, uction throu: epredations o 
line and individual differences.......... 618-814] redfoxes. Paul L. Errington and Thomas 
relation to— tbe Ae pal Eh Raia 37-148 
age. RNA Ser Pocen  ore te 508-512, 515 Ramses! race ST TIS RT IATA Ne Rey | 
Bdeatcyeleiien .08 608-512, 514-515 |“ Baltevitie silt loam— 
sexual b ae EOF ata | ABT eS Rios solh-eter Hyort for carte construction. 399 
tie Guts teg aes me nse sion and soil-water values. -__-_..... 397 
17-ketosteroid, excretion by boars... ___- 507-516 bs ° 
Hybridization in Ustilago hordei and WU. TE  idgg 
nigra. Wayne M. Bever-.-_......_.-...... 41-59 | Marrnews, E. D.: A Biochemical Study 
Immunity reactions, use for differentiation of Seowal Root Rot ate a Be P sist -. 315-825 
certain crucifer viruses. Glenn S. Pound McCann, Lewis P.: Embryology. of the 
and J. C. Walker-.- 5% 255-278 Tree 215-229 
Inheritance = =. ss Mildew, downy, fungus, systematic inva. 


cytoplasmic, of male-sterility in sugar 
beets. 5 BV, CWO. si i icden ssi 
of resistance to bunt (Tilletia caries) in 
hybrids with Turkey wheat selections 
pes I. 10015 and a. Ali A. El Khishen 


Fred N. Briggs 

Insecticidal action of pyrethrum extracts 

against beet leafhopper, factors affecting. 

F. H. Harries, J. D, DeCoursey, and 

Ni. SEOROOORE 55556 2 SR ESS "558-565 
Iowa, muskrat marsh, pelt productivity, 

reduction tae = depredations of red 

foxes. Paul L. Errington and Thomas G. 

Boe Sed TLS FATE ROD a ToS 137-148 
Irrigated areas, semiarid, soils from, range 

of Peollanclatare pereentages through whieh 

— undergo i pemenee wilting. J. R. 

urr and J. O. Reeve_.........-.-...-.-.. 149-170 


JOHANN, HELEN, and DIcKsON, ALLAN D.: 
luble Substance in Cornstalks That 
pees Growth of Diplodia zeae in Oul- 


Juglans regia, sprayed with bordeaux mix- 
ture, transpiration responses.............. 


Kale, cabbage virus A concentration, effect 

of air temperature, experimen: 
Kerosene. use in pyrethrum sprays for con- 

trol of beet leafhopper -..........-...--... 556-565 
A 17-, eg a age Ss by boars, 

id . Green and L, Winters......... 507-517 





Briggs and V. G. Heller 
Larson, R. H.: 
8 ey in Potato Varieties to Yellow 
and “ALBERT, Al R DR : Physiological Inter- 
nal Necrosis of Potato Tubers in Wis- 


J.: Systemic Invasion of Cab- 
jane Seedlings by the Downy Mildew 
n 








fh 7 
veeattorn ia, vow rate, effects of— 
orn pues a te) 
ethylene trea er tanec 347-348, 353-354 
green mold co BV bcd cbaadveccue 349-352 
tem: vo ogee ie BEE ee ae Cpe wie 3387-339 


peelea— 
and whole, respiration rate. .-........... 353 
fiesh, respiration rate, experiments...... 352-353 


genes, in Turkey wheat crosses-......-..-. 412 

of characters in watermelon. _..-......---- 
Lovsratot, A. J.: Influence of Soil-Moisture 

Conditions on — Photosynthesis 

and Transpiration of Pecan Leaves. ----.. 519-532 
Lum, Funston G., Horrman, E. J., and 

Prima, A. 1. RK Carotene 

Alfalfa Stored in Atmospheres of Low 

ee ee. eee 361-373 
Lutz, J. M., Hatter, M. H., Rose, DEAN 

H., and HARDING, PAUL L.: Respiration 

of Citrus Fruits after Harvest 








Tung 
Mildew, downy, fungus, systematic inva- 
sion of cabbage seedlings. F.J. LeBeau.. 453-463 
Mier, P. W., and Scuuster, C. E.: 
Transpiration Responses of Persian Wal- 
nuts and Filberts Sprayed with Liao cies 
Mixture ___ -------- 465-469 
Moisture, soil. See Soil moisture. 
Molasses, blackstrap, tolerance of lambs. 
H.N. Briggs and V. G. Heller.....-...--. 81-87 
Moon, H. H., and CuLPEppER, C. W.: 
Differenees in the Composition of the 
Fruits of Cucurbita Varieties at Different 
Ages in Relation to Culinary Use.......-.- 111-137 
Mulching, effect on incidence of physiological 
internat necrosis of potatoes-._..-- 497-500, 502-503 
Muskmelon, mycosphaerella black rot, 
a NG Riles aks ivan ween 197-198 
Muskra' 
depreditiia by foxes, study methods.... 140-141 
enemies in Iowa, importance. -_........... 137-138 
habitats of Iowa, Wall Lake area, field 
RIN Ss sisck cas dann Be dis oll platen eimealk 141-144 
pelt productivity, reduction on lowa marsh 
through depredations of red foxes. Paul 
L. Errington and Thomas G. Scott_... 137-148 
Mustards, wild, reaction to— 


cabbage viruses.................-. 263-264, 273-276 

REE VIE oo asec ennpenesens 266, 273-276 
Mycosphaerella black rot of cucurbits. 

FOTN B. Wiehe oc 2 - neds onsnectacavass 193-213 


Mycosphaerella citrullina— 
cause of diseases of cucurbits.......-.....- 93-194 
growth in culture, temperature relations_. 208-209 


Necrosis, physiological internal— 
of potato tubers in Wisconsin. R. H 
Larson and A. R. Albert -__.-.---.-.--- 487-505 
synonyms and injury to potato tubers.... 487° 
Nicotiana— 
glutinosa, reaction to cabbage virus. ...... 261-263, 


multivalvis, reaction to cabbage aac 


rustica, reaction to cabbage viruses... 263, e216 
Nigws mee sphaerica, growth in. culture, 
ether pov g of cornstalks, ex- 
oon aan etter cant kevlennpe aeacedhs iors romance 95 
Nitrate nitrogen, of soil, influence upon 
ot of brown root rot of tobacco... 315-325 
Nitr 
biocheusten? distribution in tobacco rota- 
thon Meets ei ta. Fae 
content of soil organic matter, relation to 
brown root rot of tobacco, cxpertngant. 315-325 


Oil— 
emulsions— 
composition, variation...-.-..-.----.--. 
film formation and structure. Irma M. 
Felber 


films, microscopic examination... ...-.- 233-234 
substrata, effect on spray film 8 structures 239-243 
superimposed films, description.-....--. 239 
sprays, commercial, film formation and 
structure, microscopic studies....... 231, 243-249 
vapors, measurement, methods. 299 














~~ 






age 


& 5 


399 
397 
395 


325 


& 8 


469 


138 
“144 


-276 
-276 


213 
-194 
“505 
487° 
276 
263 
-276 
-276 


95 


3 
3 


& 8 


BE Szkk B 








Oils— 
ability to— 











Page 


» eae vapors from McIntosh apples at 


emanations... ..........-.------.2.--. 301-303 
absorption - eg 
apple vapors. 299-300 
ethyl acetate from apples, determination. 299-300 
~~ vik capacity for ethyl acetate com- 





Sa Ob de henesiawsuakceigeR aad bees 302 
aioe; valeitios a, MATER ai 301 
Ondatra zibethicus. See Muskrat. 
Orange trees, soil, successive horizons, ten- 
Ph we at Rubidoux Laboratory, Calif... 379 
Ot ne respiration rate, effects of— 
pre Speienemte- 





as of pt pach taeeiaethetss eat ea ate te 
Ow F. Vv: rf nee aenenteed 
Male-Sterility in Sugar Bee 
Oxygen, low content of a ee Sgucmetaseasr™ 
effect on retention of carotene in Alfalfa. 
offman, Funston G. Lum, and A. 


Paraffin— 
effects on film formation and structure of 
oil emulsion sprays, examination --- -_-- 251-253 
film formation and structure, microscopic 
aE Ea ele 251-253 
Pecan— 


leaves, photosynthesis and transpiration, 
influence of soil-moisture conditions, 











Bed SONOS oo. nn cow checcnwotawe 519-532 
orchards, moisture requir t 53 
seedlings— 

growing in— 

pen sous ht studies. 522-523, 525-526, 528-530 
sand, flooding-effects__....-.....- 523-526, 530 
soil, Nae ht studies... . -- 526-527, 528-530 
soil, flooding effects___.............--- 528, 530 


grown in sand under different moisture 
—e organic nitrogen and ash 
RN sori ts oimaiterhomdbinaniewitibouelnah a 526, 531 
Pelts, muskrat, productivity, reduction on 
Iowa marsh through depredations of red 
foxes. Paul L. Errington and Thomas G, 


ISS ie alah Es gE a rihegh coe lek 137-148 
Penicillium digitatum, effects on respiration 
rate of Eureka lemons, experiments_.___-- 349-352 


Permanent wilting. See Plants, wilting, 
permanent. 


Peronospora— 
parasitica, overwintering and oversummer- 
SOS, COpeTitinte «|. wooo ne calnenencns 460-461 
tabacina— 
cause of blue mold of tobacco--_-........ 171 


development and control, relation to 
temperature. Edward E. Clayton 

and John G. Gaines-___.._...-.-....-. 171-182 
Petroleum-oil s rae saa commercial, film for- 
structure, microscopic 

NE RESO SERIAL. FS 231, 243-249 
mrs Aa effects on activity of cabbage 
A alone and in combination with 

SS EPRS EL a GE ASE A SB SS 477-478 
Photoaynties Fp enrarml of pecan leaves, 
influence at soil-moisture conditions on. 


Prrman, A: eg ge E. J., and Lum, 
FUNSTON, @: Retention of Garotene in 
‘Alfalfa Stored in Atmospheres of Low 





Oxygen Content.__--. 361-373 
Plants— 
ea to decreasing soil moisture. ._--.. 155-160 
wilting— 
permanent— 


in soils from semiarid irrigated areas, 





in study of e of soil-moisture 
hore ee . Furr and J. O, 
ve. 
study methods 
study, results__._... 





INDEX 


5 











Page 
POOLE, Cuar.es F,,.and GRrmBaut, Pav. 
; Interaction of Sex, Shape, and Weight 
Gaase Uh WOURESONORE. i aco iis cee niceni 
Potato— 
tubers— 
depth in soil, polation to Goenonenent 6 of 
internal necrosis_................. 5-496, 502 
development, effect on incidence of I 
fernal necrosis... ._ 2... as 494-495, 502 
internal necrosis, physiological— 
field studies 
Wisconsin 
Albert 
incidence, relation - to soil manage- 
Fe EO ME 497-501, 502-503 
macrociemical reaction of necrotic 
pathological histology -.......-....... 401 
study methods... .... ....--.-.2-.-...5 488 
GN a nk decide daadbande 488-491 
varieties— 
resistance to yellow dwarf. R. H. 
pl ac ey RR ano yah! 441-451 


susceptibility to internal necrosis in 
Wisconsin, experiments___.....__-. 496-497, 502 

yellow dwarf— 

relation to clover lepthopone Dos population. 447-450 

varietal resistance to. Larson... 441-451 
Potatoes— 
root zone, soil-water tensions at Scotts- 

bluff Field Station, Nebr _.............. 
varietal resistance to yellow dwarf— 

factor of clover leafhopper population... 447-448 

greenhouse experiments...............-- 448-449 

virus, field experiments.____...........- 442-447 
PounD, GLENN S., and WALKER, J. C.: 
Differentiation of Certain Crucifer Viruses 

by the Use of Temperature and Host 

Immunity Reactions ._.__.......-..-.- 255-278 
Effect of Air Temperature on the Conce: 

tration of Certain Viruses in Gakbegt.. 471-485 
Prodenia eridania— 

blood— 











cells, classification .................-.--- 3-16 
degenerating cells, occurrence._.___.._-- 
eruptive cells, occurrence__.........---- 23 
vermiform cells, occurrence............- 21 
chromophiles, smooth-contour— 
COSUTTONIB Ss i aiied sal edcist sncantedes 20 
technical description... 7 
classifications, comparison 32-35 
i pce 
a thasa bun ins haihcdan sbeeee Sie lisa vg 21-22 
peso sed, teamodanl description...........-. 12-13 
development— 
phases by blood picture_-......-.,--.-- 31-32 
stage, identification by hemolymph 
CNG in ciik in asndsncainenedendtes 27-28 
hemocytes— 
changes associated with molting.......- 25 
changes during metamorphosis.......... 25-27 
kinds, relationship between_.......-..-. 28-31 
origin, rate, and possible functions_..-.-. 35-36 
reproduction Dy mitosis... .-.....:..-... 17-18 
transformations and fusiform-nonfusi- 
FOROS RMI 0 bc dsc comin omaaba saaluas 23-25 
——— cells— 
WIND arc Sul uansatcsbhscdecaccee 20 
technical ¢ description............-..--..- 8 
plasmatocytes— 
CO bd sasnindeln dutubeneredsiewe 20-21 
technical description...........-..-.-.-- $11 
gir hen oe - 
technical descr INE on os pn cuceensnas ll 
ro! — 
" CI sack cicancgasensevesp osse 18-20 
technical description .-..........-.-.--.- 6-7 
southern armyworm, blood picture. J. 
Pranikiie Veager.... oi. - cscs ecceco cece 1+40 
spheroidocytes— 
potty aon os i a RN 13-14 
le: ALL A SEE OE 
vermiform cell, technical description...-.-. 11-12 
See Armyworm, southern. 


Protein digestion by lambs, influence of 
blackstrap molasses = cia nesibinn 85-86 





range, relationships......-..-----.-----. 161-168 


Provitamin A., See Caro’ 




















6 INDEX 
Page Page 
Pumpkins, oar ke ogee ces at differ- Soil—Contin 
ent ages in relation to culinaty use__....__. 111-135 | mulch Oat on incidence of phyiio- 
logical internal necrosis_-_-.-..- 497-500, 502-503 
dust, toxicity to beet organic matter, biochemical study as 
to brown root ro 
E. ee Matthews =. 5. ios. 315-325 
aibrated, conversion table, construc-° 
in one containers, use in measurement 
OF Fees WhO so os ea ne 
water— 
categories......... 375-376 
effects of temperature_................ 1 measurement— 
Phy oF ne ee bet 7-559 ot gh Rap apes clan pee aac o 5-402 
Aig eathiiped) mortality, WONG oo oii, Sinninmntinapneicenenbend 376-377 
Meck aewttutct Sttnminchinl twas 563 | Soils— 
hota? spray, toxicity to beet leafhopper, organic matter content of tobacco rotation 
effects of temperature and humidity -.-.. 563 plots, percentage compositions_......... 8-325 
bs egg characteristies, evaluation... 400 
ruses. ....... 266, 273-276 | Witing— 
pe org cm dad ag Beco ae point, first permanent, definition and 
“guditerke WeM. ons 82-85 OCCUITENCE..- ----------------esaa-+-0~ 166-167 
foxes. See Foxes, red. range, relationships... ..-.-..--.---.--. 161-165 
Reeve, J. O., and Furr, J. R.: Range of Pacer sead ye cpap 2 wage 9 
Soil-Moisture Percentages through Which ou ther armyworm. See Armyworm, 
Some solls trom Semiarid trriested An Areas. 149-170 sovtuwick, Franxu Wantnons: 

Repellent spray, action against Mexican Mesmrements of the Volatile Production 
pitty. Donald F. Starr-..--...-.---.- 416-422] phe Hemoval of Organic Emanations from 
. Haller, Dean H. Rose, J. M Lutz, the Atmosphere Surrounding Stored 
and Paul L. Harding 3” -359 ba we necseneccentscreseatenerenecces 297-314 

eae Or eee 315| materials, a Seen and structure, 
kh) ait Dadiiagin . tne adsincined microscopic studies. __.-....--....-.---- 
ge hee Bot of tobacco. See Tobacco repel speed Sacre Mexican fruitfly. 
Rost, Dean H., Hatter, M.H.,Lurz,J. =| ,__Donald F. Starr-.------------.-----..-- 415-422 
Mand HARDING, Pavt L.: Respiration — 
Ease rh cs emulsion, film formation and structure. 231-254 
rank ¢ aiso Oll emv 
gy a ee A. Hearne, seinen 1-79 privenesn, toxicity to beat leafhoppers, 
Rubidoux sendy foam, tension and soil: COCO NS = = a oa ag soo a some nn % 
- Squash, Hubbard, mycosphaerella black 
water values..........-...---.------------ 390 a cs ener deenn@ ad se 198 


ScuustTeEr, C. E.,and MILter, P. W.: Trans- 

4 iration’ Responses of Persian Walnuts and 
ilberts Sprayed with Bordeaux Mixture_ 465-469 

ScorrELD, Car. 8.: The Measurement of 
kL ee i 5 2 PALES 
Bopes Tuomas G., and ERRINGTON, PAUL 
: Reduction in ‘Productivity of Muskrat 
Paits ts on an Iowa Marsh through Depre- 
dations of Red Foxes. -.-_....-..-----._-- 
Semiarid irrigated areas, soils from, range of 
soil-moisture percentages through which 
— undergo permanent wilting. 
UER and J. O. REEVE..__............-. 
Sex genes, interaction with shape and weight 
genes in watermelon. CHARLES F. POOLE 
and Pau C. GRIMBELL.-____...-..--..-.- 
Sheep, Navajo, fleece quality, evaluation 
from small samples. James O. Grandstaff 
and Oonli"? Witenes 
Sodium bisulfite, absorption of organic apple 
pspteetons and oil vapors 


137-148 


cores in closed containers, use in measure- 
ment of soil water__..........--..----.. 
management, effect on incidence of inter- 
nal necrosis of potatoes, experiments go io 


moisture— 
conditions, — on ration of photo- 








synthesis and _transpirat ion of pecan 

leaves. a a 519-532 
decreasin; 155-160 
field pe ag faetied gO a Ft 


— manent Maiti, 
ay. 0. Ree O. Reeve..........-.....- 149-170 
riistion € to permanent wilting, investi 
gations... 149-169 





Squashes, winter, composition, differences 
at different ages in relation to culinary use. 111-135 
Stalk rot. See Diplodia stalk rot. 
Standard Aphid Spray Oil, film formation 
and structure, m croscopic stady--s-..- 
Stanolind, film formation and structure, 
microscopic le eile Se ip tad tae oa 231, 243 
STARR, DONALD F.: The Action of a Repel- 
lent Spray against the Mexican Fruithy. 415-422 
Sterility in male sugar beets, cytoplasmic 
inheritance. F. V. Owen 4 


Sugar beet— 
crosses, open-pollinated, sterility-._...._.- 435 
curly top, contro] investigations ~~. --....- 553-565 
Sugar beets— 
curly-top resistant, cytoplasmic inheri- 
tance of male-sterility Kepaibae. askance 9 
cytoplasmic instability. -_......-..-...-.- 435-436 
hermaphrodite— 
and sonleaterile hybrids, sterility....... 428-429 
and semi-male-sterile— 
hybrids, sterility...............-.--... 431-432 
reciprocal crosses, sterility ...........-- 26-428 
successive backcrosses to, sterility... ... 
ee work, use of male-sterility 
Panchen aclidails delenit nmi vetehn wedianntine ath 437-438 
mele-steril wast 
Slene why teids betwee sterility ...... 432-433 
semi-male-sterile hybrids, sterility ....-. 433 


male-sterility— 
eytopiannscally inherited. F.V.Owen. 423-440 
inheritance, Mendelian factors affecting. 425 
“% eesopennienny inherited, investiga- on 
seine aa soil-water tensions at Huntley 
Field Station, Mont. .-.....-......-...-. 
semi- male-sterile, selfed, sterility 
types, development, descripti 
ulfuric acid, absorption o 
emanations and oi] vapors 


ion. 
organic apple 




















3.25 


g 5 


-376 


325 
400 


-167 
-165 


135 


243 
243 
422 


435 
565 


436 


= B85 & 8S Bab SSE & 











INDEX 7 







Page 


Summer-Mulsion, film formation and struc- 


ture, microscopic study... ___..__ 246-249, 251-252 
juperla film formation wid structure, micro- 
scopic study ‘heiia 241, 243 





Temperature— 
air, effect on concentration of certain 
viruses in cabbage. Glenn 8. Pound . 
and J.C. Walker__.....-...---..2.-..-.. 471-485 
in relation to development and control of 
blue ae (Per werpere tabacina) of to- 
a seal Edward E yton and John G. 








Page 
TURRELL, FRANKLIN M., and GUNTHER, 
Francis A.: The Location and State of 
Rotenone in the Root of Derriselliptica.... 61-79 


bg 17-ketosteroid excretion by boars. 

Green and L. M. Winters_._....._.. 507-517 
Urine excretion by boars, quantity, rela- 
ues to quantity o: Ncontkcneaion need 512-513 


hordei— 
oe germination, effects of 





wie ee esatiatian’ oF crtaia” cca: "| —‘MYpeletion sd evel. “Wayne'Mt. 
viruses. Glenn 8. Pound and J. ©. XU. nigra, physiologicraces— 
‘Tensiometers— GER gm a 7 ants {cae ote rnp, enene rt hea ae 41-67 
data, quantitative interpretation 387-400 A ion a tp ecniaee eee on 
Use, eld observations. nen = 77 S7B-88T | igre eM nn nernannnnnnnnonnnenn 
Tybee olih Teeny ties ee chiamydospores, germination, effects of 
todvPr saa Lome. All A. EY Khisben hybridization and genetics. “Wayne M. 
J sea x U. : horde, hiysiaiogic ic races, hybridiza- Bee 
on and segrega 
—s by _ smpeeatare regulation at 175-181 | PBysiologic races, genetics 41-57 
aevdlopinent nt and ay “flat “to SpP., spore characteristics. -------- ===... 5 
- Clayton Viruses— 
on ron i, SUMNOB aoc ocks seccacs 171-182 
sig = cabbage, concentration, effect of air tem- 
pe ee data. Set alsa Malar aie a) MI-N3 |, — Glenn S. Pound and J. C, sia ceee 
occurrence and severity, relation to Sahat tehkeht Reed welstohte fephtaptehee 
carbohydrate: nitrate nitrogen ratios... 321| tucifer, differentiation by use of tempera- 
relation of soil organic matter to. E. D. He eT a eee reactions. Glenn 
Matthews. ......................----- 315-825 | vojstiles— alker......-------- 
plants infect ion cinuat es aliactincaunnmris 174-175 from oils, measurements---.............--- 301 
WS oe ere production wy arg southwig = Bee 
ran uthwick.........- 
—_- on severity of brown root rot...... 318-325 | oe also Apple volat 
carbon rato tata of nitrogen. .. 819 | Vulpes regalis. See ¥ oes, red. 
= ee eee een Seen, WALKER, J. C., and PouND, GLENN 8.: 
correlation with severity of brown 321 Differentiation . ads Crucifer Viruses 
tter content and composi- y the Use of Temperature and Hos 
oe i ii ist | «any Recto 2 
‘ect of Air Temperature on the Concen- 
a ‘esac oe eebiags eee haha” © 477, 479 tration of Certain Viruses in Cabbage.. 471-485 
Craidion: Pe eee Boe alnuts, Persian, sprayed with bordeaux ° 
of pecan leaves, influence of soil-moisture mixture, trans (yoo response. 
conditions. A. J. Loustalot_.......... 519-532 | _ Miller and C. E. Schuster---.........---- 
responses of Persian walnuts and filberts Water, soil. See Soil water. 
sprayed with er mixture. P. W. Watermelon— 
Miller and C. E. Schuster___........_.. 465-469 | backcross populations, penes segregating 
, Mexican frultiis” catches— on ne Aap number estimation. -.-...-.- 547-548 
effect das psn een etter ae poe mean weight, estimation 544 
aoe ~~. ee rae, 416-417 “geomet of sex and fruit sha , studies. 538 
Tie ee population, theoretical class quencies, 
embryo— Oe ERSTE BRE LRT EIR 545-546 
ING gists ss audnnnaclodeand estan 217-222, 227 Pl Pisin ing data, regrouping technique. 545 
suspe t sha) 
cuibryoloay, + ae eee RD om-38 F; and backcross populations Ena nase 537-538 
fruit, percent om and morphology .....- 227-228 an Saye SEN SaaS AES No ae 538 
megasporogenesis..................----.-- 217 
ay) cr “interaction, inheritance studies-........ 534-550 
Ds es cas henee ee eie 222 ating, number, estimation..---..-.. 547 
conducting SEES ER TG Oe = Mendel ae —— segregating, number, 
B igceatire bitline sam heeded 21 Sih Rec A RI RE 
Wiis olen. sdoacbrdccheasogaves 217 Northern: Sweet X Dove net segregating 
inner pacematent, morphology -........- 226 for weight Y number, estimation. --...... 543 
morphology and probable functions.... 225-228] population fit, goodness, tests-..........-. 7 
ee morphology and content--.... 226| populations, Mendelian’ caren inheritance 


outer en morphology and prob- 


problems with géometric interaction.... 545-546 


able functions. -................-..--- 225-226 | sex gene, interaction with shape and’weight 
genes. Charles F. Poole and Paul C. 
endosperm, development -.........- 220-221, 227 SRE SERRE ET Rai ae ae 





le, development___..........-.-. 22 shape gene, interaction with bap 9g and 
anaes Gee sa ey uceese ondeuwas 227-228 sex poe Charles, F. Poole and P 
een portico B22A) wight gone, niascion with toad shape 
, embryology— we gene on with sex an: 
Lewis P. MeCann Bi peasschcubasiwweavee a we 2 Charles F. Poole and Paul 
on: Me cc obacoaeed Skusdnn ATOLL: 2 MREIIEn desaccaahcsvocle rch su cowitecks 
study methods. -..............-.--.---- 216-217! weight, influence of sex and shape on- -..- 540-543 





Page 
Wheat— 
Baart, crossing with Turkey selections for 
resistance to bunt, experiments 
root oem tension at Yuma Field Station, 


y 
C. I. 10015 and 10016 'selections, inherit- 
ance of resistance to bunt (Tilletia 
a. Bae A. El Khishen and Fred 
403-422 


409-411 


404-409 
1001 poet so to bunt, factors 411-412 
‘Want, James 8.: Mycosphaerella Black 
wae - Cuourbits_..2....2.-.-..-2..-..-- 193-213 
Fy ery of plants in soils from 
— ag | range of soil bad 
Seealinc . R. Furr and ' 
Reeve... 149-170 








Page 
WInTeERs, L. M., and GREEN, W. W.: Uri- 
nary 17-Ketosteroid Excretion by Boars. - 507-517 


2 | Wisconsin, Potato tubers, physiological in 


ternal n arson and 





characteristics in Navajo sheep 
distribution in Navajo fleece. 
quality, factor of position on sheep 
sampling for quality 





YEAGER, J. FRANKLIN: The Blood Picture 
of me ‘sano Armyworm (Prodenia 





Yellow dwarf disease of potato. See Potato 
yellow dwarf. 


O 








